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division to which we paper is ‘The final date on which a should 
reach the Society is given as a footnote with each paper. Those who are planning 
_ to submit material will expedite the review and publication procedures by comply- 


in with the followin basic re uirements: | 


Titles must have a length not ‘exceeding 50 characters and spaces. f 


~~ A summary of approximately 50 words must accompany the paper, a 300- 00- 
synopsis must precede : it, and a set of | oe must end it. 7, bi 


The manuscript (an. ‘original ribbon c copy and tw ‘two duplicate copies) 


should be double-spaced on one side of 84-inch by ‘inch copies 
of all tables, etc., must be included. 


4. The author's full name, Society membership grade, and footnote reference _ 
stating present employment must appear on the first page| of the paper. 


Mathematics from ‘the copy that is submitted. 
of this, it is necessary that letters be drawn carefully, and that special symbols be 
properly identified. The letter symbols used should be defined where they first 
cali illustrations or in the text, and arranged alphabetically in an 


ee Tables should be typed (an original ribbon copy and two duplicate 


one side of 8%-inch by 11-inch paper. ‘Specific. illustrations and 
explanation must be made in the text for 


7 “ae 7 _ Illustrations m must be « drawn i in black. ink on one e side of 8Y- -inch by LL ‘inch 
; paper. . Because illustrations will be reproduced with a width of between 3-inches 
and 4'%-inches, the lettering must be large enough to be legible at this width. 
Photographs should be submitted as glossy prints. and descriptions 
must be made within the text for each illustration. 


8. The desirable averag average length a paper is about 12,000 words the 
- abeolute maximum is 18,000 words. As an approximation, each full page of typed» 
‘text, table, or illustration is the equivalent of 300 words. 


es papers intended for publication must be written in the third 
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PROFESSIONAL PRACTICE 


RESEARCH AND CIVIL 
vom M. Newmark,1 F, ASCE 


a survey of in civil departments in colleges o 
the United States, it has been found that the level of support from all sources 
including the colleges themselves is, as of 1960, about $10,800,000 per fl 
This research program supports t the full- -time equivalent: of nearly 500 pro- 
fessors” and almost 700° graduate student assistants, corresponding | to about 
1400 students of ‘the total number of 3600 graduate students enrolled in civil | 


Px ie A concentration of graduate study exists at the institutions having the largest 
research programs, Nevertheless there is not sufficient support for research a 
- to permit as many students as need research experience to have such exper- _ 7 
ls fence ; as part of their educational background. It is estimated that additional 


‘support to the extent of 3 to 4 milliondollars per year is required immediately, 


ay The recommendation is made that the American Society | of Civil nape 
(ASCE) seek means of finding additional funds for university research, = 7 
that such research _ ve as free as possible from control or restrictions on “4 


Note.—Discussion open until March 1, 1962. To extend the closing date one month os 
written request must be filed with the Executive Secretary, ASCE. This paper is part Ps 
f the copyrighted Journal of the Professional Practice Division, Proceedings of the 
merican Society of Civil Engineers, Vol. 87, No. PP 2, October, 1961. al af 
1 Head, Dept. of Civ. Engrg., Univ. of Illinois, Ill. 
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that. the “the the Society, and the pro- 


fession can benefit most from the effort. aa 


CHANGING CONCEPTS OF CIVIL ENGINEERING EDUCATION 
: 
= been a equally important change which has manifested itself in = 


years by the rapid expansion of graduate study in civil engineering. For ex- 
- ample, the total number of Ph.D. degrees awarded in civil engineering at the 


"University of Illinois, Urbana, I1l., from the time of the establishment of the : 


; . q department, was only three in 1934, and reached 138 in June, 1960. It was half 
- /. that number in 1953. The total number of master’s degrees awarded through 

- the same three periods was 144 through 1934, , and 1222 through June, 1960. 

: It was about 600 through 1952. This emphasis on graduate © work is inekend 
of the situation throughout the United States and has been accompanied by a 
growth in the magnitude of research programs at universities and colleges. _ 

Ms a matter of fact, it has become quite clear that a strong graduate program 
cannot exist without a strong research program. There is even some question — 

a _ whether a strong undergraduate instructional program can exist withouta 

«staff having an interest in and a continual contact with research. Certainly the 
4 undergraduate civil engineering educational program of the future will involve a 
more contact with research than it has in the past. 


fn IMPORTANCE OF RESEARCH IN CIVIL ENGINEERING EDUCATION 


four reasons” research is in civil engineering 


Rese level. As stated by Berkner, 2 graduate research must 

- “the Opportunity to do something creative and significant, or to solve some b 

‘major engineering problem in a way that transcends existing practice. The — 

7 “objective of graduate research is to penetrate fully the existing status of ap- e 

‘plicable science and evaluate the potentialities of extensions of that science 
& an imaginative solution to the problem ; « hand. _ Thus the graduate | must le learn a 


4 _ application. In graduate research, ee of science must be clearly mas- | 
tered, exploited, and employed for engineering solutions.” These remarks are 
i also’ applicable, to a more limited extent, to undergraduate education in its bi a 
- changing concept, not so much because of the research which the student may = 
do but because of the atmosphere in which he studies and works and because = 


of his relationship to his ee 


a 


Rey 2“The Role of Research in Engineering Education,” 
Annual Meeting, ASEE, June, 1960. 
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3 Research is important in the development and retention of staff. Re- 
‘search experience and continual activity in research is as important in the 
development of an engineering teacher as practical experience. To some extent a 
research experience takes the place of practical experience. However, it has = 


the of keeping the teacher with current and future develop- 
[ A @e continue to have contact with practice. This time lag is magnified because ye 
of the fact that their students go into engineering work as much as 5 yr after 
they have had contact withthe teacher. 
_ The teacher who has no interest in the “why” as well as the “how” in his 4 
field is not usually a good teacher and is rarely a stimulating teacher. The ~  * 


bright young minds who should be attracted to civil engineering are discouraged 
_ iby contact with | teachers | who are not alert, up-to-date, and | enthusiastic about — 


attractions of a a university career a are great to. certain types of people. But 
-more outstanding teachers are needed and ways must be found of inducing 
them to continue in university « careers 3 in spite of attractive opportunities in 
niversities, it has 
een found that opportunity for research helps to retain staff members even | 
3 the present-day competition for outstanding men, 
ae 3. _ Research is an important means of subsidizing graduate study. Most 
tiahe cannot afford the lengthy period of graduate study required to obtain 
even an M.S. degree, and certainly not the doctorate. At the master’s level, 
the 1 yr to 2 yr that are required may be a financial burden upon many young 
men, particularly those with family responsibilities. Stipends of some sort 
including fellowships and research assistantships, are essential. It has been 
the experience of most schools that approximately 85% to 90% of all graduate 
students in engineering are subsidized in some manner. The figure is even Eye 
higher for fields such as chemistry and physics. Research contracts and 
_ budgeted research allocations in the educational program are necessary for 
the employment of these young men on a part-time basis to enable them =. *% 
5S _ continue their graduate study without too great a financial sacrifice. po 
a _ 4, Research is important to the profession, This is an obvious point. The | 
= of the technical aspects of civil engineering is dependent on 


research and generally on that research which is done in universities. These 7 
% technical developments find their way into practice and have an effect on _. 
of engineering. _ This fact, of course, is the justification for the contract re- 
search programs which are the main support of research at most schools. 
= to the school and to the profession the other three Some may be of f equal 


importance and should not be overlooked. 


é STATUS OF ENGINEERING 
an attempt to obtain recent and accurate figures indicating magnitude 
and type of research program carried on in various civil engineering depart- — 

and universities, United Sta ‘was mailed to all accredited civil 

_ engineering departments in the United States during the fall of 1960, Replies | 
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of some sort were received from 112 of the 136 schools, with complete re- 
plies from 97 institutions including all except th three of the large or moderately | 
ae Table 1, there is recorded a summary based on the final returns re- 
ceived, of the annual research effort in civil engineering. The amounts, in 
thousand dollar units of the research program, divided into categories of 
“basic,” “applied,” and “routine,” are shown for several sources of support - 


including industry and trade associations, technical societies and research 


"ment of ‘Defense, and other s sources such a as endowed foundations, and § so on. 
In addition, there is also indicated the extent of financial support given acl 
or - indirect support whether from the ‘university or elsewhere. 
Some remarks are necessary with regard to the definitions of terms. In this 
s context, “basic” refers to the idea of fundamental with respect to civil engi- 
neering. : Some of the things that | are regarded as basic in civil engineering 


TABLE 1. —SUMMARY oF ANNUAL \L RESEARCH EFFORT IN ‘CIVI 


Total 


Universi ty 
Totals” 


a Based on survey report from 97 uni ies 


research 1 might t be “applied” in some of the areas of science. The term | “ap- 


plied” means those aspects of work which have a direct relationship toa partic- 


7 research problems which nave a less general applicability, and are usually of 
| importance only connection with civil engineering applications, but not 
i. ordinarily in other fields of engineering or science. Research leading to 
_ Changes in design specifications, for example, would ordinarily be “applied.” 
The term “ routine” involves the conduct of testing operations of a nature 
that is not really research. This may be een seotay of concrete cylinders to 


work : only a and have no ) part in the planning « or r in the interpretation of the re- | 
sults, Although there may be some ambiguity inthe application of these Seema, i _ 


there is a fair agreement as to the designation that should be 
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— porting for the particular university, and 


_ ‘The total research program reported by the 97 schools fi filling complete re- 

24 7 turns is $10,334,000, of which nearly 6 million dollars is basic research, 8 
- nearly 4 million is applied, and almost half a million is routine testing. ane 7 

4 plies from fifteen additional schools indicated that no research was being con- 
_ ducted. However, because four of these schools indicated that some ee tener 
- a were being supported ‘by research, it was estimated that a total amount “y 
$45, 000 was involved, For the schools that did not reply to the ques-— 


a 


they not included in n the given ‘in Table 1 through 3, 


TABLE 2,—SOURCES OF RESEARCH SUPPORT = 


Technical Societies and Research Councils 7 
“te Local and State Govt. yw 

Federal, Non Dept. of Defense 

Dept. of Defense 


Other 


Industry & Trade 
Tech, Soc, & Res, Councils: 
Local & State Govt. 
_ Federal, Non Dept, of Defense — 


= 


. = are taken into account in the overall summaries examined later in this — 


_ “a The balance t between basic and applied research | is not an unhealthy one. — 
In engineering research there should be some influence of application of the 


research program, but it should not be overwhelming. The amount of routine 


to find a a means s of support for ‘research staff and students. In other instances 
7 id it is undertaken because of certain pressures to which universities are subject. 

These pressures should be decreased rather than increased. Any steps that 

ASCE takes to "develop research in universities should steer free of possible — 
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mental to the staff an and students. 
SOURCES 0 OF SUPPORT OF 
In Table 2, the proportions of total amount of research by 
various sources is summarized. It appears that industry sponsors about one- = 


“fourths, federal other than the Department of 
accounting for the largest share, 28%. Other sources account for a relatively — 
small proportion, 3%, and university sources support nearly one-eighth of the 

_ The percentage of the research effort in the categories of basic, applied, 
or routine is summarized in Table 3, foreach category separately and for the 
= For the total effort, 58% is basic, 38% is applied, and 4% is routine, 


However, for the research sponsored by industry, 35%is basic, 43% is applied, 


Source = Percent of Total 


Dept. of Defense : 
Other 
University 


and 22% j is routine. This is the largest part of the research program which has 
routine aspects. The only other sources of support which involve any sub- 
‘stantial amount of routine testing are local and state governmental agencies. 7 
oo It is of some | interest that the largest sources of funds for basic r research car 
are federal agencies outside of the Department of Defense. The proportion of - 
: the allotment from such agencies that can be considered as basic is 74%, | 
_ whereas the basic research | aspects of Department of Defense funds in civil ; 
engineering is only (56% and the proportion of basic research from the funds 
given by local and state governments is 40%. 
_ Although the figures are not entirely comparable because they are for differ- 
ent years, it is of some interest tocompare the magnitudes and percentages in : 
"Tables 1, 2 and 3 to those inthe survey reported in Table 4. The data in Table | 7 
_ 4 are taken from a 1958 National Science Foundation (NSF) survey. 3 The total — 
amount of $70,900,000 is roughly seven times the amount of the current re- 
search in civil perhaps eight to nine times the civil 
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tained from vai various sources are quite comparshio to those shown in Table 2. ay 


5 Gnitnaite | at this point to make it clear that the summary of the re- 
= sini effort in civil engineering obtained from civil engineering departments - 
may either underestimate or r overestimate the actual research effort devoted 5 


of the research programs sponsored by Department of Defense agencies, and 
some of those sponsored by other groups, are outside of what is commonly _ 
g conceived to be the field of civil engineering. The writer does not take this = 
q view. Civil engineering is any professional activity that the civil engineer feels 7 
7 is worth while. Programs which involve fundamental aspects of fatigue of — 
‘metals, brittle fracture, and so on, are as ‘much civil as they a are 
On the other hand, the research effort in applied mechanics, sometimes a 
conducted in other departments than civil engineering, is in many respects — 
im related to and in ‘support of civil engineering. However, because of the fact 
_ that this research effort has little if any impact on civil engineering under-— 
g ae graduate and graduate education, it is included in this summary only where 
s mechanics is a _ of civil engineering and has a direct effect on civil engi- a 


between engineering mechanics and civil engineering in a 


"centration « of research at those institutions which have strong graduate = 
> programs in civil engineering. It must be understood that graduate — ’ 
_ faateaction is an expensive matter involving not only buildings and equipment — 4 j 
with large capital costs, but the most highly paid teachers and the necessity _ 
for large subsidies from research programs for payment of stipends to gradu- ; 


students. Consequently, there is an apparent concentration of research 
- effort at a small number of universities. This is illustrated in Table 5. The _ 
two universities reporting the largest research budgets account for one- — 
7 of the estimated total of research effort in Civil Engineering. The next three 
: _ and the succeeding five account for nearly equal shares. That is, one half of all 
the research effort is conducted at the first ten schools. At the other extreme, — 
ee only o one-seventh of the total effort is carriedon in 100 schools in the country. 
wi _ The number of graduate students enrolled at the various schools is also — 
shown in Table 5. These data were obtained from the questionnaire, and veri- 
fied by reference to a survey4 prepared by the U. S. _ Office of Education. There 
is an apparent concentration of graduate students at the universities with the 
os research budgets, but the lower end of the list (in terms of magnitude - 
research — several schools with large evening enrollments 


“Engineering Enrollments and Degrees, 1959, ”by W. E. Tolliver and H. H. Armsby, 
: Circ. No. 617, U. S. Dept. of Health, Education, and Welfare, Office of Education, 1960. 
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power half of the graduate students and over three-fourths of of the research _ 
An interesting measure is given by the statistic reported in the table i 
: _ ing the average amount of research per graduate student enrolled in each of 
-- geveral groups of schools. These values range from a low of $900 to $1100 for 
a the lowest 100 schools, to a high of $6,700 for three of the top five schools, : 
‘The overall average for the United States is $3000. 
There can be valid questions raised concerning the adequacy of graduate 4 
work in institutions at which the research effort is extremely low as measured 
either in these terms or in absolute magnitude. T This emphasizes the need for 


funds for civil engineering research, _ 


TABLE 5. .—CONCENTRATION OF EFFORT AT UNIVERSITIE 


au 


6700 33 
6200 
4400 
3300 | 
3500 8277 | 
2400 
10147 
“900 10334 
10782 


There are some interesting aspects of the staff support and the student _ 
subsidies implied by the data concerning research programs, The questionnaire ¥ 

contained items asking for the number of full-time equivalent senior permanent 
staff ‘members of professorial r rank, and the number of student research assist- 

also ona full-' time equivalent basis, _who receive stipends from research 
funds. This does not include the relatively small number of students and staff § : 
_ members who work on research, but without stipend. For all of the schools re- = 7 
- porting, the total number of senior staff and assistants, on a full-time equiva- 7 
lent basis, bears a nearly constant ratio to the total magnitude of research 
effort. Although there are some minor variations in this ratio, it is close to 


. There is also shown in Table 6 the . 


and the magnitude of the research effort. 


For the five schools with the largest budgets: (the schools the 


F members and the number of assistants, both on a full-time equivalent (F TE) 


— 
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Order 
magnitude 
3,4,5 | 1753 | 16 — 
152 | he &g 
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1.2 2. — fifteen schools with intermediate research budgets, en ratio of stu- 
= to staff is approximately two to one. The proportion of students to staft 
_ is less for the schools with the smallest research budgets, being also 1.2 to 

‘The cost of conducting research at universities is indicated best, perhaps, 
ae) ow the amount spent per full time senior staff member. These data summarized > 
fin Table 6 range from $19, 700 for the “top” five schools, to a high of $25,700 ee 
_ for the intermediate group, down to a low of $12,500 for the “bottom” thirty — 
where, presumably, salaries are lower. 

‘These figures are consistent with the fact that the direct expenses of ges 
_ research effort at universities appear to be of the order of $20,000 to $25,000 © ee 
per full-time senior technical man engaged in the program, This includes the an 
ag ‘man’ s salary plus the support which he requires to carry ‘on his work, This a 
figure will — increase with increase in salaries contemplated in the 


TABLE 6, —FULL- TIME EQUIVALENT STUDENT 
«SUPPORTED BY RESEARCH FUNDS" 


Order of Number of full-time equiv. No, FTE Res} 
magnitude Assi Full Time Man, 


Budget 


next few years. There ; are, of ‘course | additional cc costs involved in th the re- 
_ gearch program, These indirect costs are not reflected in the totals described | 
& which involve only the productive technical effort. However, an additional 
amount per full-time equivalent senior staff member of the order of $10,000 
_ ‘may be required for the various | overhead costs including purchase | of equip- ; 
ment, and so forth, which are actual costs that must be borne by the institution, 
i or in some other way, for the research program to be productive. One might 
a estimate required | support for research on and that of roughly $30, 000 per ca 
time _tauivalent senior staff member, and that for each full- -time e staff 


research program. 


| 
7 
— 
| 
: 
488 | 678 | | 1.39 | 10334 | 21,200 | 8900 
| 
| 
recent years there have been a number of research groups established # # 
__to_assist in developing support for and in supervising the conduct of research 
— 


on Riveted and Bolted Joints, the Reinforced Concrete Research 4 
Sat the Column Research Council and, to some extent in civil engineering, 
the Welding Research Council, which antedates the other groups. These operate | 
+ in slightly different ways but in general all the groups have relatively small _ 
- —- _ Nevertheless they influence the contribution of funds from — 
beyond the support which they develop directly, 
i For example, the Research Council « on Riveted and Bolted Structural Joints. 
= Council, but has stimulated additional funds, primarily o_ state highway — 
in departments, ranging from $10,000 up to $40,000 per year. 
a The Reinforced Concrete Research Council (RCRC) has in its own funds a : 
a budget ranging from $12,000 to $21,000, with a special additional allocation of — 
| approximately $15,000 per year for a project on the behavior of reinforced B.,' 
_ concrete floor slabs for buildings. It has stimulated additional funds, however, 
of a magnitude difficult to assess because the additional funds might have been =e f 
- Made available even without the RCRC effort. However, the additional effort 7 Gg 
has been variously estimated to be $20,000 to $40,000 per year during the 
_ Inthe tabulations contained herein the funds have been listed in the ——— 
in which they enter directly. Only the direct contributions o of the research — 
7 7 councils have been listed, and the contributory support from groups } such as 
ne om state highway departments or the NSF has been listed under the heading per- 
— is all too often true that in research ahianiin made up, in large part, , of ‘ 
men from practice there is anatural tendency to de-emphasize basic research 
and to tend toward the more routine aspects of applied research. Part of this | 


> situation has been associated with the difficulty of raising funds for basic re- 
search , and the necessity for “selling” the research effort on the basis of the 

> ss practical benefits that might accrue to those contributing funds to the activities | 
[2 Of the 1e research councils. Nevertheless, the} NSF, the ( Office ‘of Naval Research, ¥ 


_ the type of control exerted by the research councils, and the results have been - 
in their benefit both to the profession and to the research | 


activities would be santa missed if they were to stop their efforts entirely. ™ 

The writer suggests, however, that the activities of research councils be con- 

_ sidered from the point of view of: (a) giving general advice and suggestions; < _ 

raising funds; and (c) allocation of continuing funds without control to 


_ standing research | groups or - outstanding research individuals. The exercise 
Of control over research programs, the approval of publications 


SUGGESTIONS AND RECOMMENDATIONS | 
“i ‘Tt has already been implied that the sateiaiai types of assistance that uni- 
versity research effort requires” are additional funds, the allocation of these 


funds a reasonable advice and suggestions, rather than control, 


= 
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RESEARCH PROGRAMS 


or in practice. It may be desirable: to consider one e additional aspect, 
“namely a follow-up or assistance by professional groups such as a 
= and research councils in making the results of research available to 
the practicing engineer, This might sometimes be a function that should e 
_ conducted by the research man himself. However, it is better in the long run 
= the research man to publish his results freely and independently, and for aa 
= published results then to be used by the v various professional groups, after : 
_ discussion, in the development of design procedures and specifications. In 
- contrast to the approval of publication of ‘research results, it makes a good S 
a deal of sense to require approval from a . professional group or a research ~ 
council before a recommended specification is promulgated, even by a re- — 


mia continuing pees for research effort, and freedom of publication 
_ of the results without the approval of sponsors or donors. It is only with re- i 


_ search of this type that schools can meet their requirements for the effective | 
‘development of both undergraduate and graduate education, that they can retain 4g 
7 the best and most promising staff members, and that they can contribute those — 
fundamental aspects of knowledge necessary to the development of the profes- — 
_ Engineers in general are wary of federal control of activities ranging from pia  &§ 

i _ school programs to voting rights. ‘It would not appear to be necessary to argue a ; 

eo’ that similar controls exercised by any group may hamper the development of : 

individual research programs, This has been made clear in the fundamental — 

r sciences. Why it is not generally accepted in engineering is a question that 
needs further study. Possibly it is because in the field of civil engineering, — 
"research isa relatively new type of effort. It is not well understood by practic- 
ing engineers. There is not yet a general acceptance of the fact that the ~~ 
search man is pursuing an activity for which he has a unique training, and that 
design experience or even general all-around good common sense does not 

- necessarily substitute for this training and aptitude. In other words, the re- 

_ search man is better qualified to dir direct, control, and do research th than the — 
This, then, is the basis for the writer’s suggestion that additional | support 
" for research be to as great an extent as possible free of controls or restric- _ 
tions, and that the results of such research be available for publication by the 
£ by the research worker, whether the results are agreed with or disagreed with 
by members of the profession. Furthermore, the support of research should be F 7 

_ primarily directed toward the men doing the research, based on their demon- | 

Os strated competence and the competence of those whom they are able to bring 

in association with themselves | in their needs a fertile at- > 

‘With regard to the funds required, one can make a reasonably good estimate 

_ based on the number of graduate students in the civil engineering curriculum. -_ 

- During the 1959-1960 school year the number of graduate students in civil Y 
je engineering4 was reported as 3637, of whom 505 were working toward the 

g 4 doctorate. Considering past rates of growth, one can expect this number to : 

* “fale by 1968-1969. If, as in the past, 85% to 90% of the students are to ~i —_— 

subsidized, taking into account other sources of support as at present, approx- 
imately 50% of them will have to be subsidized by research funds as mel _— 


on research 1800 students in 1961 and 
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uble tl 
time equivalent number of students that need subsidy now. The figure will in- — 
crease to 1800 by 1971. This estimate should be compared with the number in | 
= 6, of 678 full-time equivalent students who are now subsidized by re- | 
. In other words, a one-third increase in research ‘Support is needed in 1961 — 
to adequately support research and graduate instructional programs in civil 


funds are needed annually in civil ‘engineering, without any 
of the present support, and a total of $14,000,000 per year additional may be _ 
required in ten years. The needs are very great. Yet without these additional - 
P funds graduate students of the future will not have the kind of educational _ 
a As a matter of fact, even with the additional support suggested, the amount = 
of time available for research onthe part of faculty members in civil engineer- a 
Ms ing will only begin to ‘approach that available now in electrical engineering g and 
chemical engineering, and the magnitude of the support per graduate student | 
_ will become more nearly comparable to that in those areas. Bader: Fetus 
— addition to this « continual requirement of funds on an annual recurring © 
‘basis to support research activity, there is an urgent need for buildings and — 
facilities for civil engineering departments in the United States, which are in — 
general more housed than other departments, In many state universities, 
supply the space and facilities required for research and for graduate educa- 
¢ tion in civil engineering will require approximately $10,000,000 per year ar for 
% the next 10 yr, | (to: 1971), inaddition to the money to support r research personnel 
__It is not the purpose of this paper to suggest how this money can be raised. hi 
It is an obligation of the Society and the profession, as well as of those in- 
dustries associated with civil engineering, to find a means of supporting re- 
quired research activity in civil engineering at colleges: to an extent com-— 


_ the future, and a means of of acquiring a and retaining of adequate s wnatt members 


“to teach these engineers, bis 


on training of eaten, on undergraduate education also. High quality — 
ate instruction requires greater research support. 
Industry and technical societies are carrying their share in 
_ support of civil engineering research. Moreover, the type of research present-_ a 
ly sponsored by industry tends too much toward routine testing. 
= es There is immediate need for 3 to 4 million dollars per year of —— 


research support colleges. need will be higher if 
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‘To ‘support ‘projected increases in gra graduate enrollment, the 
needs for research may be as much as 14 million dollars per year in the next aa 
asouming that federal and local governmental support remains 


There are additional and substantial needs for buildings and equipment 
— to enable university research to be carried on properly, go 
a can help most effectively by finding means of raising money 
research, and by striving to keep additional support as free as possible from 
restriction or control of publication, ae) that the work done will be of the 


greatest value to the profession and to the staff of the schools 
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face of Soviet milita military threat and in an era of revolutionary 
progress in science andtechnology, a modern Army must be a changing Army. 7. 
be It must have the best in weapons ; and equipment that money and human skill can : 
_ put together. In this business of research and development, the miracles of 


yesterday are fast becoming the 


Army Research and Development, to prepare for a futureas awesome as it 


is near, is maximizing the use of today’ great scientific discoveries 
“i continually pressing for more progress in basic research. Basic research | 


is the key to a future, dynamic technology. 
The Army’ s contribution to basic research is now about $50, 000, 000 a 
e year. ir. The fields of interest that have seen the greatest advances are metal- 


jurey, electronics, and new energy sources. 
Basic ‘research feeds the insatiable appetite of applied research and 


Ee velopment; the other part of the Army’ s Research and Development (R and D) 


endeavor—in improving communications, and 


. Progress is also being made in improving tube artillery and light infan- 

In the field of communications, the Army is perfecting devices to increase 
its command and control Sgn It is also sharpening its ability to iefiela, 


= Note.—Discussion open until March 1, 1962 . To extend the closing date one month q 
- written request must be filed with the Executive Secretary, ASCE. This paper is part iva & 
the copyrighted Journal of the Professional Practice Division, Proceedings of of the 
_ American Society of Civil Engineers, Vol. 87, No. PP 2, October, 1961 ie 
Presented at the October, 1960 ASCE Convention in Boston, 


1 Lt. General, U. S. Army Chf. of Research and Development. 
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n en Mobility is the third vital field for R and D effort and the area in sy ‘the 
aes a Army has the greatest need for progress. On the ground, commercial earth- 
and heavy equipment promise to provide ground combat q 
‘o"g forces true off-road mobility. New tanks and armored personnel carriers, a 
4 now under development, will increase the striking power of the Army. age 
Through a ground mobility research program, the Army is seeking to iso- » oo 
-_ the primary factors influencing soil trafficability and determine their 
over-all influence on terrain and military operations. Present studies april 
7 on such problems as how the weight, driving, turning, and stopping forces of _ 
a ground vehicle are transmitted to the ‘Supporting si soil by — ; 
oy . 7 _ Other developments in the fields of military bridging and construction are 
| improving ground mobility. Among the most promising projects are the high- 
_ ly mobile floating assault bridge-ferry and the multi-purpose tractor. _ 
efforts to maintain its speed of movement, the Army is not overlooking 
—— he need for continuous logistical support. New projects in the logistical field _ 
include an overland petroleum distribution system over-the-beach equipment 
and a submerged terminal and submarine pipeline system. 


- §$till, for better battlefield mobility, the Army is concentrating on the air— _ 
on aircraft of revolutionary design that fly just above “the nap ¢ of the earth” 


- and have the take-off and landing characteristics of the helicopter with walt 
aft in f 
advantages of the fixed-wing aircraft in forward flig 


a Locked as the Free World is in in vital competition | with the Communists, 


- there can be. no doubt in the minds of all thinking Americans today as to why 


this nation must have the best possible weapons and equipment in all the Armed 7 
ning Without a doubt, the ability of the United States to maintain a — 


“shield of an nuclear offensive, and every success they achieve 


7 logically sharpens the | edge of the weapons race and enhances the effectiveness: “| 


of their related means of conflict—political, sociological, psychological, and i 


| There is a a real sense of urgency in military research and develop is - 
today because era of revolutionary is more rapid 


ees What better example exists than t the classic field of surveying. Army engi-— 
oo neers 8 wrestled for m more than ac decade with survey problems, using the slide 
: ‘rule, , transit, level, rod, and tape in n Alaska and the great Pacific Northwest— 
iy using instruments first developed by the early Egyptians. Except for product 
a oa ingest, these instruments have withstood the test of the centuries. But, 


ways that just a few years ago were viewed as revolutionary. The new elec- 


; tronic equipment for mapping and surveying, such as SHORAN, LORAC, the 
and the airborne e profile are typical illustrations. 
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electronic evices are improving our accuracies, to better t than 
part in 100 ,000, in ‘measuring distances. Computers to reduce and process 
> the raw “survey data more rapidly than ever before are in existence, and the a 
; -old “slip-stick” definitely takes a back seat when a data computer is around. 
If American technology is to continue to accelerate at this pace, and it must wy 
to outperform the Communists, greater emphasis must be placed on basic re- a 


re for new scientific oe and on applied research and development ¥ 


It is the mission of military research and development not only to main-— Sly 
_ tain this nation’ Ss present world-wide technological lead in weapons and equip- — 
ment, but to replace existing material by improved or entirely new models as 
‘rapidly as possible. If ever its military forces and weapons for control of the — 
air, sea, and land become inadequate or obsolete, the Free World well could 
fail in its earnest efforts to deter war and advance the cause of international 
ee was a a time when the Army could | develop | and produce a weapon or a 
Today that era is but 
a memory. _ The implications of modern technology, exploding onallfronts — 
= revolutionizing man’s concepts of war, are truly fantastic. § Ae 
Although the horse and the lance remained a major weapon system in the 
"world armies for 2000 yr, it is doubtful if the tank and the manned combat 
oo. _ All the Armed Forces struggle with this problem today (1961). In July 1960, he * 
on Independence Day, the United States Army gave up its last antiaircraft gun, 
= today not a single one is ees in the whole North American air de- 
- ‘Less than ‘Tyra ago, following the Korean armistice, 1, 000 of those guns, — a 
—-120’s, and sky- sweeping 75’ s, girded our continental defense against 


Through two wars andaquarter century of time, they were a main reliance. , 
— they are an anachronism in a missile age when NIKE missiles ring our 
_ great centers of population and industrial power; at a time when we labor un- 
ceasingly to perfect our NIKE ZEUS missile to protect against the Communist | :- 
threat of a nuclear hailstorm hurled through space. 2s 
For this reason, a Modern Army must be a quick- ‘change artist in this fab- 
Continual advances inradar, in electronic memory computation 
= television, in new power sources, in servo-mechanisms, and advances in a 
score of other fields are resulting in an ever-increasing number of new de- 
vices to solve many of the serious, complex problems currently facing the : 
, ‘military. These problems are chiefly inthe areas of mobility and target acqui- 
sition. Nuclear weapons have increased the need for greater mobility, ail 
beyond what has been achieved today, and doubled the requirements for more a 
- accurate and speedy information. They have also accented the need for care- 
ful scientific assessment of targets before attack and immediate analysis of 
the resultant destruction. All of these new problems demand research and 4 
_ Science and technology can produce today just about anything that is needed, 
provided the needs are spelled | out and the _implementing funds 
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yesterday’ miracles: are e today’s relics, what an age tomorrow will be, 


the grass roots to the policy level to push science and its related ey 
forward from the base of present achievements. 
oa Army Research and Development is maximizing the great scientific dis- 
_ coveries of today and continually pressing for more progress in all fields, ) 
Seeking further scientific breakthroughs basic to — new Modern 
Army of vastly improved power, range, and mobility. 
This R and Dprogram supports extensive research 
as well as into applied research and development. Its scope is is as broad as 
man’ s imagination, for the Army’s primary interest is in man, the soldier, 

- 3 and what it takes to sustain him in an environment more hostile today = 
= before in all history. The Office, Chief of Research and Development, — 
in monitoring this: ‘program, directs the efforts. of approximately 40, 000° 

; ae civilian-military scientists, engineers, and supporting personnel who are con-_— 
— cerned with some 400 projects and over 2,600 tasks. Today, Army funding 
for ‘research and development requires more than $1,000,000,000 annually. 7 
hg The extent of Army efforts in basic research—to penetrate the ever- — 
or shifting boundaries of science—is measured in terms of some 2, 600 projects — 
> underway at more than 550 laboratories, universities, industries, and 80 oer 
<a and other government installations. A smallpart of this research is a 
ft overseas in Japan and in 14 countries in mugs. The present price tag o 
_ basic research i is approximately $50,000,000 a year. | 
4 There are many in and out of uniform today who fail fully to appreciate the ' 
military’s keen interest and support of basic research, thinking this to be only pe 
the of industry, of universities, and of s scientific foundations. is not 


Such men of little vision, who do not see the critical importance of basic — 4 
_ research, should be reminded of that delightful story of Michael Faraday, the 
_ renowned 19th century English physicist, and William Gladstone, one of the 
In an age of great scientific discovery like today’s, Gladstone visited Fara- . 
day in his laboratory to witness the celebrated experiment of electromagnetic 
induction—the simple experiment that has since revolutionized the world. Ap- 
parently, Gladstone with all his ‘greatness had no appreciation « of the — 
uses: of a moving wire in a a magnetic field generating electricity, and after 
- watching the deflection of the galvanometer needle, asked Faraday what pos- 
Pa 4 sible use could come of it. é: Faraday’s answer was _incisive an and meaningful _ 
_ then and now: “Why, Mr. Prime Minister,” > he said, “you will soon be able to 7 
‘Today, basic research not only holds forth great promise of increasing our 
- national prosperity, reshaping the very pattern of our lives, but it promises to 7 
give the military truly revolutionary improvements in the crucial fields of 
= communications, and mobility. 
_ The weapons and equipment of the past, and even of the present, provide no pa 
8 
a. Happily, both the Wriston Commission and the President’s Science Ad 
visory Committee continue to stress the need to expand our national effort in 
_ basic research. The Army i is continuing to get modest increases in the monies a 
’ allotted for its its research, and a fair ‘segment of American aounty is con- — 
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Team must trend. ‘Government, alone, cannot be 
for, or do, the whole job in basic research. It cannot assume the entire cost 
of basic research in this country, now running about $1,000,000,000 a year. 
he the maximum in ‘dynamic and realistic ‘support, America must look to — 
> = private enterprise, to industry, to educational institutions, and to — 
Engineering and military imagination have outstripped existing materials 
and surpassed the state-of-the-art in power sources. Through new advances" p 
in the science of materials research the Army expects to cut through conven- a fa 
.- barriers and attain, for instance, the truly revolutionary improvement 
_ that is required in mobility. The progress, here, is dependent on the solution — 


crucial materials and energy problems. = 
The lack of new y and unique materials today is perhaps the most important — _ a 

‘ith factor holding up the development of true air vehicles that will fly just 

above the “nap of the earth,” ° permitting the combat soldier of tomorrow to Ds 


overcome terrain obstacles, such as mud, — ravines, rivers, and for- 


the helicopter, coupled with the advantages of the fixed-wing aircraft inforward - 
flight 2 and will be able to fly fast o or Slow and quietly just above the battlefield. 4 


of development, but in research in finding the new materials that can make 
© creation of advanced military devices possible. The unprecedented demands 

_ for new materials in this area are sta aterials, for example, that 
F. can withstand conditions of extreme heat and pressure in the order of 500, 00 

-% and 2,000°C. All the Armed Forces share the need, and are working 60 


in metals spending several hundred million dollars a year. 


It is important to point out that metallurgy is a field that has seen tremen-_ 


advances inthe last 10 yr and can be expected to surge beyond the 


: in this area on a variety of approaches in plastics, in ceramics, in polymers, 


™ j aries of imagination in the next few. For example, it is estimated that within 
7 % the next decade there will be beryllium alloys with the strength of steel, but — 
a : 1/4 the weight. Shortly thereafter will come plastics and ceramics with the 7 
same strength- -weight characteristics. New steels, with vastly ‘improved 
=. Other metals such as molybdenum, tantalum, and ni niobium are being de- 

veloped to withstand ultra “high temperatures. These, a and the high-strength 
metals, will have a profound effect on the civil engineering field and speed the © 
advance of missiles, vehicles, and electronic devices 

Research efforts are also underway to bridge the gap ‘between ma materials 
: _ and solid state physics. Rich dividends, here, will permit the chain- “linking of 


Instead of having to work with materials. on hand, 

“materials needed can be created out of atoms and molecules. ae 
_ These and other materials research-sparked developments will redound to 7 
the benefit of our civilian industry and commerce as well as to the military, 7 o~4 
providing greater utilization of energy, increased measures of reliability, and 
more efficient space accommodations. 

4 a. Electronics is another field that has seen aquantum jump in the last 10 y * 
_ Basic research already has led to the technique of microminiaturization vot z 

electronic components. A cubic ‘eet Of that at only held 7 000 


J 

= 

_ 

¢ 
| 

4 

4 

| 

4 

iii 

| 

| 


000; and eve 
ten in certain fuse applications. Using solid circuit even this | 
a only a beginning. . Other marvels in the electronic field are the ruby maser, 
te ‘the tunnel diode, and the parametric amplifier promising to increase tenfold 
‘: the sensitivity and range of many Army electronic systems. — And now, , the — 
To achieve true mobility in the air or on the ground— —with almost noiseless 
- operation, basic research must quicken its search for new energy sources. 
ae Efforts must be doubled to achieve new engines at less cost, with more econo- 
my, of less size and weight, and most important, with higher performance . 
b ratings under all kinds of conditions. Every new avenue that shows promise i 
_ in the power spectrum, from today’s gas turbine to tomorrow’s fuel cell, from = 
- the magnetohydrodynamic generator to the solar cell, and in a future as awe- 
- some as it is near, nuclear power sources must be investigated. = ~ 
these, the fuel « cell n now seems the most promising for the 1970’ s. 


« direct eheesions reaction. It has all the features of a battery except that 
the reactants, oxygen and ‘some companion fuel like e hydrogen, are 


‘There are several commanding reasons for military interest in this cell. 
- Significant is its potentially high efficiency compared with that of a gasoline 


we 7 or diesel motor, about 60% to 80% compared with 25% to 30%. This means 


‘more efficient utilization of fuel with substantial reduction in the logistical — 
load. The fuel cell has no internal moving parts, no pistons, crankshaft, 
ix transmission, and the like; this means reduced maintenance. _ Of additional 

eee is the fact that fuel cells operate with an absence of noise or 

smoke, and generally without excessive heat. They are are, therefore, harder 

detect by | the enemy on or above the battlefield. _ 

_ __ Although the fuel cell promises some reduction in our supply requirements — 

for fuels, in itself, the fuel cell is not the complete solution to our age-old _ . 
logistics problem. One possible solution, in the 1970’s, lies in the integration 
of the fuel cell, or groups of cells, with the nuclear reactor. = | 

this a stationary nuclear- ~powered generation much like 


dispensed and utilized in} vehicles of numerous types. 
‘The optimum form, an integrated fuel-power system as an integral part of 

avehicle, is speculative. Unfortunately, the extent to which nuclear plants can =4 
P miniaturized appears to be limited, and the cost of reactors is stilltoo 


‘Yet, the optimum might be in the development of a nuclear- 


chemicals, perhaps ammonia or hydrazine, from water and air and liquify it Ls 


- for convenient storage and handling. The heat and power for the process” 
equipment would be provided by the nuclear plant which would also p propel the 7 
= train. The ammonia or hydrazine, in turn, would be furnished from this mo- — 
3 bile service station to combat vehicles equipped with fuel- cell propulsion . 


engines or fuel cells providing electrical power for other appli- 
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fuel locally ‘within a combat and transport it near or to the 

place of use. Such a unit could develop, within itself, the equivalent of 500,000 = 

gal of gasoline per day. With POL constituting 40% of the Army’ s tonnage, the _ 

_ These advances illustrate, moreover, the kind of basic research effort that 
is necessary to feed the insatiable appetite of applied research and weap 


P portant as it is, will not put America out in front where she ata or keep 


ment effort are the classic fields of military endeavor— “firepower, communi- = ’ 
_ cations, and mobility. _ Any Army } must be able to mi move, shoot, and communi- 


Nuclear | weapons have revolutionized firepower; 
post ranges of delivery and tremendously increased the impact power. 
Tube artillery is under constant improvement as it still retains a vital im- 
portance for close-support and for delivery of conventional fires continuously 
_ and under any 
_ Many types of improved guided missiles and rockets are under develop- : 
: -_ to supplement or replace those that are now available. Among these are © 
_SERGEANT and PERSHING, both long-range, surface-to-surface missiles 
= ‘developed to fire at ground targets. In the shorter ranges, LACROSSE rh 


= guided missile provides all- weather, close tactical support for the front- 
soldier in conjunction with tube artillery, 
To meet the Army’s important mission in air defense, both a 
on missile, called REDEYE, for individual use of the combat soldier against 
aircraft, and the amazingly effective HAWK missile, for use by 
_ units against low flying aerial targets, are under development. Sarees 


Z But that picture is changing, particularly in the field of communications. ‘eed 
_ Advances incommunications equipment have enabled the Army to increase ~ 
3 - command and control capabilities to the degree now required by ‘mobility ; 
and dispersion. — In ee electronics area, a wide variety of sensors, radar, 
automatic cameras, and infrared, seismic devices are being ‘studied and 
‘Figs. 1 to 5 illustrate some of our latest Army developments in the fire- 
~~ _ Fig. 1 depicts the DAVY CROCKETT, the Army’s new battle group atomic 
* delivery system. This revolutionary weapon is essentially a recoilless rifle | 
and capable of delivering a powerful punch with either a high explosive ora _ 
nuclear warhead. Its ground mobility is excellent and it can be airlifted nee 


4 LACROSSE, shown in Fig. 2 , is a close- ~support guided missile of evens 
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FIG. 2.—LACROSSE 
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% “and is the counterpart of the NIKE HERCULES, now on site guarding the great 


Recently HAWK has intercepted targets below 100 ft and up to 50,000 ft in 
al 


Also, HAWK is the antiaircraft missile that recently intercepted and de- 
stroyed HONEST JOHN, another ballistic missile. That amazing “bullet- hits- fx 


bullet” demonstration took place at the White Sands Missile — in i 
1960, and the intercept is shown in Fig. 4. 
oe: Last August, the Army repeated this “pullet- hits-bullet” (or really “missile- _ 
_hits- -missile”) demonstration, using a new improved NIKE against 
a much faster target—another HERCULES. 
Certainly such missile-against-missile feats are further proof of the high- - 
_ Speed intercept principle that the Army is exploiting in development of anor 


ZEUS, which the Army judges to be the most contribution in the 


drone with a subsonic s speed is JATO-boosted into flight pam radio controlled. 
Its sensory compartment accommodates photo transmission systems, infrared, 
or other new that transmit or bring back data. It 


with the brain,” pictured in 
8 
ay 
| 4 
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will have a. a data a link spelen to transmit the output of each sensor to a a ground i 
station. The SD-5 is powered with a turbojet engine and is a member of a 
Bp sen of drone systems designed to provide the Army with an all-weather, oo 


surveillance capability. It is recovered by its and otter re- 
fueling, is ready to be used 
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"FIG. -HAWK VERSUS HONEST JOHN. HONEST JOHN MOVING 


: out nuclear war or in putting down aggression with posivaublandl weapons, Army 
combat troops must react faster, cover more ground, protect larger areas, 
and than ever before. e. At the heart of this 
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problem is one simple fact; the greater the speed of movenseat 0 over all types 

of terrain, the greater the chances of tactical success. 
“The “GOER?’ type of equipment used in commercial earth- ‘moving and heavy 

construction work, where large wheels and tires give true off-road mobility, | ae 

promises to improve present ground mobility. “GOER?” is now under | de- 

velopment to provide the logistic support necessary to mobile and dispersed | z 

* - Also, new tanks and armored personnel carriers are in the offing. These, | 

on not yet in the hands of seenge,s are soon to be operational and will back 
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up the striking power of the Army’s powerful new weapons systems. These + 
_ ground vehicles represent great improvement over today’s tanks and armored s 


personnel carriers, in size and weight and in engine performance and fuel 


economy. Where possible, they will have both swim and air-transportable 


For better ground or battlefield mobility, as mentioned earlier, ye Re- 


d Development is co’ entrati g on the ai aah vale 
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The air offers the medium for revolutionary in of move- 
ment. As a consequence, work is proceeding to develop the right air vehicle _ 
to “utilize | it. Plans call for a vehicle that will fly just above the “ nap of the = 
a earth, ¥ * permitting the. combat soldier of tomorrow to overcome normal ter- 2 
rain ‘obstacles, such as mud, swamps, rivers and forests. This type of air- = 4 
craft will have the take-off and landing characteristics of the helicopter cou- - 
pled with the advantages of the fixed-wing aircraft in forward flight. a: 
a _ Some of the experimental prototypes or flying test beds look like disks or 
Platforms, propelled by unusual power plants, but it is hoped that one or two 


will eventually provide the answer of flying low, fast, , Slow and quietly just 


_ These test beds are not in any sense operable military aircraft, some have 


oo The Army is confident that some of these approaches can be developed into — 
“high- performance verticalands short-take- -off- -and- landing aircraft of allsizes, 
a capacities, and ranges to be used for numerous { ground support 1 missions. 
The following figures illustrate some of these experimental flying test beds 
along with the ground | vehicle that gives promise of true off- i-road: mobility fo for 
transport of heavy cargo in combat areas, the GOER. 
- Fig. 6 shows the DOAK test bed which is designed to take off and land like 


; & helicopter but operates i in 1 the a air like a a conventional airplane. DOAK us uses 


tt the full forward position permitting normal flight characteristics of the air- - 
craft. To land, the engines are returned to the vertical. 
Ft Fig. 7 depicts the test bed called the PIASECKI flying platform. ‘ It is « one 
of two models that are currently under development. This model uses ducted | 
_ fans for its source of propulsion and has conventional type helicopter controls. — 
The operation in this stage of research is cumbersome, and much work re- 

4 a mains to be done before stability and control reach the level desired. i 
a In Fig. 8 is the cargo GOER which is a new approach to logistical — : 
Ma for use in highly mobile Army forces. It is an outgrowth of recent develop- 

5 ments in heavy earth-moving equipment so well known to civil engineers. The 
a GOER is rugged and reliable and exceeds any other wheeled vehicle in real 

-road ‘mobility. In addition, , it can carry its own weight and has good am- 


— This version of the GOER has the lift capacity of six 2 1/2- ton trucks. ts | 
_ exoskeletal construction, in which the structural strength of the vehicle is in 
ae ‘its outer frame, also permits the vehicle to Switn on water. _ Waterproof parts 
_ or submersible engines are unnecessary. The treads of the large tires act 
like paddle wheels to propel the vehicle at a speed of about 3.5 knots in calm 
«Prototype GOER’s initially will be produced in three versions: a 5,000 ae = 
gal tanker, a 16-ton cargo, and an 8-ton cargo 
a An major contribution towards improving cross- -country mobility will come 
from the Army’s ground mobility research program. Here, a variety of studies - 
i seek to isolate the primary factors influencing soil trafficability and to a 


amine the over- -all influence of terrain on military operations. 
5 _ More important, by far, is research aimed at Giecovering the behavior of a 
so ils un under the traffic How the turning and st 
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ae of running gear such as tracks, conventional wheels, and very eal 
and soft tires are being examined. It is now known that these forces some- a 
times" are . transmitted to the soil in n magnitudes that differ markedly from 7 


previously accepted theory. The discovery of what a actually happens and why 
may make it possible to trafficability by of 


aa Efforts are are also aimed toward the compounding of a new w chemical for spe- 


reoriented towards the most by far, is the 


FIG . 8. _GOER 


Te _ development, now underway (1961), of a highly mobile floating assault bridge - aa 
ferry for use in getting combat troops across inland water | barriers. ates. 5 a 
“Sa Fig. 9 shows an artists concept of this development intended to ‘produce a 

highly mobile, Class 60, rapidly erectable, floating assault bridge. = 


4 This equipment consists of two major components, an amphibious bridge 
unit and anamphibious rampunit. 
we The bridge and ramp units are ‘similarly constructed. - Each unit trans- 
ports about 25 ft of roadway which is carried longitudinally in road travel, Be’ 
with curb section folded. On entering the water, the deck section is rotated — - 4 


90° by hydraulic power and ae oped unfolds to full roadway width of about a 
| Erection of : a bridge will be possible ata speed of 400 ft yer hr, and the 7 
4 bridge when assemt 

vehicles per hr hr. 
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On the other assault ferries can be after entering 
water in 25 min or less. The ferries will have a water speed of 11 fps in still 
Substantial progress has been made in the development equipment for 
clearance of enemy- created obstacles and for construction purposes. 
One of our ur most promising pieces « of equipment in this area is a | multipurpose . 
This tractor will have the capabilities of bulldozing, rough grad- 
ing, and excavating by earth scraping and hauling. . It will obviate the need of | 
many of the bulldozers, graders, scrapers, and some of the cranes a and dump © 
Its overall dimensions and weight will make it air- transportable, and. it 
will float with normal loads. When ballasted, this tractor will have a drawbar 
pull of 24,000 lb to 32, 000 lb; on normal, dry, level terrain it will have a top 
speed of at least 30 mph. It will be powered by a compression ignition engine 
and have sufficient fuel capacity for a least 200 miles of travel on secondary 
There are two versions of this tractor, one wheeled and one tracked Pe 
One ‘salient point must remain clear. In all our efforts to increase the 
speed of movement of our combat troops, the fact that success in battle stems 
from continuous logistical support is not being overlooked. Logistical sup- 
port must be maintained right up to the individual soldier in the front lines and 
to get it there we are interested in all forms of transportation—water, waereg 7 
‘Increased emphasis is being placed on developing a petroleum 
system responsive tothe needs of highly mobile forces. Such a system will be 
be built around a family of flexible, collapsible, storage tanks and pipelines; _ 
lightweight, high volume pumps, , and tanker discharge facilities that ntover 


_ themselves to air transportability, —_ installation, and rapid movement over | 
To gain adegree of freedom from. iain on established port facilities, 
-_— is being placed on the development of logistical over- -the- beach 
oe Tests are continuing on the Barc, the Army’s giant amphibious 
cargo carrier; construction is under way on a prototype beach lighter. . This 7 
beach lighter will expedite unloading from roll- on, roll-off ships and facilitate’ 
over-the-beach operations. 
_ POL facilities for receiving large volumes of petroleum products from off- 
shore moored tankers and transporting the products ashore through pipelines > 
- are under development. Figs. 11 to 13 illustrate some of this very interesting 
Fig. ul shows this concept utilizing a bulk steel storage tank of 50, 1,000 
7 barrel capacity that can be towed to position when fully loaded and submerged 
off- shore. Submarine pipelines are placed from tanker to the submerged — 
‘terminal and from the terminal to on- -shore pipelines 
i Another facility will be a submarine pipeline system. Fig. 12 is the instal-_ 
‘This system provides for off- loading | tankers from off- -shore open sea 
Fig. 13 illustrates still another “utilization of the submerged hoseline 
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‘This: paper has g given but a small insight into the Research and 
velopment Program. This , and all our work, is being done to insure the con- _ 
tinued defense of our nation. Army Research and Development views all these 
contributions to the defensive might of America with pride; equally important 
 * the fact that many of them will redound to the peaceful benefit of mankind. 
Z- _ Never forget for a moment the underlying cause for our tremendous mili- 
: xp een. Our Army must not relax its guard nor its efforts to build con- 
tinually better defense forces. ing grayness 
‘Today, in this surging era of great change, in this age of seeming grayness 4 9 
and indecision, the development of adequate means to advance the progress 
and security of this country and the rest of the ‘Free World is well within = a 


It is important to remember that in the fields of science and technology — 
our nation still has significant advantages over the Communists. To be more — = g 
aware of these superior edges and strive not only to maintain but to extend _ 4 
No profession c: can look ‘back with more pride or look ahead with more 
optimism than that of civil engineering. From the impetus given to this field 7 a 
F 180 yr ago by many graduates of West Point until now (1961), the technological | . 
7 advancement of our country an and much of the world evolved from the brain cells 
toilofcivilengineers. 
In Latin America and Atrica alone, it would take 50 times present 
_ gineering capacity to bring them abreast of our status by the turn of the centu- 
ry. Think of the roads and bridges, the river and power developments, the — 
4 building and other construction of all kinds needed. The more extensive use 


use of “powered equipment will be challenging. An amazing era a ahead will 


challenge our policies, our resources and our technology in the stimulating — 
field in which you labor. can be met if collective wisdom of all 


It is "also an individual task, depending on every loyal American. 
In this age of change, realize that time is of the essence and that faith, not 
a fear, and courage, not complacency, are the keys to our survival. - Despite the 
a whirlpool of Communism and chaos, our nation must bear the stand- _ 


“There i is a a tide the of men, 
"Which, taken at the flood, leads on to fortune; +e 
Omitted, all the voyage of their life ied 

_ Is bound in shallows and in miseries. 
On such a full sea are we now afloat; 
And we must take me carrem when it serves, = 


CONCLUSIONS 
. In the present era of revolutionary progress in science and technology, — 
.; ‘the United States a is ee with an acceleration of obsolescence in all its 
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- ‘4 _ This is where a continuous catalytic action is required. It is a national 7 a 

1 

> 


am estan and how wella nation makes use of its technological talent in im- 
‘ = proving the ability of its military forces to move, shoot, communicate and to 


this better than any potentialenemy. 
3. Basic research, being but the applied research of tomorrow, | is the key 


_ 4, Support of basic research must be meen not only by government — 
‘but mut by and educational non- profit in: institutions. 
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ee of the American Society of Civil Engine 


with increased expenditures of public and private funds are today accepted as 
national | ‘obligations. The special challenge to civil engineers to participate in 


- the advancement of new knowledge for a better human environment is outlined _ 
with respect to tasks and responsibilities, Present research activities of the 
_ ASCE are reviewed and new areas for expanded research efforts are presented, 7 
_ The importance. of a revitalized and creative climate for the advancement of | 
“knowledge in the profession is stressed as a prerequisite to professional — 
Stature and of is ‘suggested to assume new basic 


— 


tal 
~ The advancement of basic and applied research inthe | sciences and in engi- 
_ neering is a matter of pressing national importance today (1961) and has been | 


recognized as on a basis by the political | leaders of 


education and research by large scale provision of public 


a Note.—Discussion open until March 1, 1962. To extend the closing date one month, - 
a written request must be filed with the Executive Secretary, ASCE. This paper is part 7 

of the copyrighted Journal of the Professional Practice Division, Proceedings of the ; 4 
American Society of Civil Engineers, Vol. 87, No. PP 2, October, 1961. _—© | 
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society throughout the world. It is accepted as the governing social thought — 
today with regard to our national and international interests and relations, 
_‘ This expansion of scientific and engineering efforts must not be channeled 
_ solely into the direction of military defense and security but also, more im- — 
- portantly, into those fields that ultimately give promise for stable and im 
social systems in the world. Their survival and development requires solution 
of pressing economic and erway problems of higher living standards for — 
the rapidly expanding populations. These problems | are predominantly con- : 


with the reshaping of human ona staggering scale, and 


called for. challenge has come to press on us as the result 
= the increasing power of regimented societies inthe Marxist world. It is the 5 
result not so much of their military achievements, but of the all too slowly rs 
~ evolving but unavoidable insight on our part that their challenge is a total one, a 
‘It demands and must get a total response. It will require, in addition to the _ 
‘shooting off of space vehicles into a near vacuum beyond the earth, the infinite- 
me more complex firing of human hopes right through the continents around the © 
aa world with an intensity not to be slowed by the mass of human problems tobe — ~ a4 
conquered. We must reach the stars in the eyes and minds of all humanity and — 4 
- convey the message that a life in freedom and dignity is not only fully yall 
patible with all material aspirations but but is indeed the to 


ts in this less publics d sphere of action that 
publicized sphere o action that our | profession should rec 
“ognize its natural challenge and in which our Society of Civil Engineers” in 
particular should undertake to lead and to find new tasks. 
i a What are some of these tasks? On the national level we are faced with the % 
ie ever increasing problems of the urbanized and industrial society in relation to 
not | only liveable but better physical environment. Cities have haphazardly 
a grown into obsolete piles of masonry repelling and degrading life instead of 
- attracting it . Their redevelopment into centers of economic and cultural pro-— ay 
ductivity poses not only technical problems but requires the synthesis of 
economic, social, and cultural factors with technical functions. ( Sar Ste 
‘New frontiers of functional and aesthetic planning together with the use of 
- new materials and of new construction methods are. in need of definition and > 
development. Intimately associated with the planning and creation of a better 
human environment are the public a aspects; the pollution problems en- 
ae with water and _ atmosphere; and the rere of effec effective urban, 
. For these tasks extensive research is needed on almost the entire front: 
* ; from the basic scientific problems of a highly specialized nature, , through the | 
translation of the fundamanetal knowledge into technical capability, to 
synthesis of design, construction, and management with t the desired sone ana 
cn Economic analysis must not be directed solely to the abstract utility of 
<r structures erected Sor whatever purpose, but should also include their broad _ 2 


private funds for this purpose. This conclusionhas been reached inescap- 
ae HM ¥ __ably as the result of our vital responsibilities for the ultimate survival of free 3 
| 
— 
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and perhaps intangible effects on the ‘siainiainen life. A _ example of this 
is the Prudential Center now (1961) | under construction in Boston, where local 
tax concessions were thought well worth the price in view of the expected boost | wi] 
to the morals and general revival of the community. 
Ae On a wider plane, under the impact of population growth, all civilizations ‘. i 
are confronted presently with a complete rethinking of the problems of water = ff 
_ availability and use. There is noother natural resource of comparable breadth © i | 
‘of importance for human and industrial use, for power and transportation, for 
food production, and for recreation. Where, formerly, the direct use of water * a 
by man was small in terms of total natural supply, today the waters of our _ 
streams are often serving several times over a variety of human Senetions = 
_ before reaching the oceans, This rate of utilization may increase by an order - 
of magnitude within a generation, and new sources and new methods of reuse | 


of basic principles and of new technologies, 
Be. In the search for new fundamental knowledge, in the planning and design | 
q phases, and the execution of civil engineering works new tools and new 
‘ _ materials have come rapidly into being in modern times. Methods of analysis _ 
=: r and of recording of data are available for all phases of our professional activi- oa i 
va ties that have revolutionized planning and design procedures and that make © . 
°° _ practical the application of new and refined theoretical concepts and methods 
ee of analysis and synthesis. A more basic understanding of the properties of new 


and of conventional materials more confident application in our struc- = 


= safety, mt: The many tasks and new s tools are on hand for the revitalized growth J 
of the profession, and research on a broad spectrum is the road on which this "4 


rae It has been een emphasized frequently that the civil engineer is the servant - 
4 the public, and the writer certainly does not propose to detract from this role 
of the honorable and dependable trustee and executor of public works, to whom > 

5 m the design and ‘construction phases may be delegated with confidence. 
ij We _ Stand in need, however, of being aroused again to the principle that, 
4 ultimately, professional quality and status are measured by the degree of “al 
: leadership» exerted through the members of the profession; leadership in the : 
advancement of new knowledge, in the creative use of modern science and 
7 technology, and in the stimulation of the public towards visions of a better 


_ exciting today as in 1 any other field. ‘The 1 writer has tried to indicate so! some 2 of a 
these to support this contention. The next task before us is to analyze what 
we, asa professional society, are doing presently to advance progress in our Ss 
field and, more importantly, what we might be doing and are obligated to try | 

_ The writer has finished a 4-yr assignment on the Research Committee of b. 

a the ‘Society that has been a fruitful and rewarding professional experience. — 
During these years this has seriously concerned itself with the 
basic constitutional objective of the Society: the advancement of the science La 
and profession of civil concluded that too much 
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Vl been placed in the recent past on matters pertaining to the a advancement _ aa 
y _ Of the status of the profession ignoring largely the first aim of the science of a 
Ae civil engineering. The committee has further concluded that this first aim is ; 
a ignored only at the peril of the second, and that the lack of status of the profes- 
P sion in the public mind is logically tied to the neglect of the advancement of 
new knowledge by civil engineers as a group. Aclimate of apathy andindiffer- 
ence toward research exists, and civil engineering does not share in the rapid ; 
. scientific and technological progress in the world to the extent commensurate — - 


WE ARE DOING NOW IN THE ASCE 


__ Within the last | few years a number of measures were taken to establish . os 


All 14 | divisions now established research committees, 
"many of which are actively engaged in identifying research needs and formula- 
The Research Committee with the active support ofthe National Science 
= Foundation and various educational institutions organized annual a 
_ Conferences with the aim of defining basic needs and of making specific pro-— 
posals to the Board of Direction for the support of research activities. Two 
reports have been published on “Basic Research in Civil 


formed the t 
$3. Five Research Prizes are are now awarded every wen with the ane 
: oft ae research committee of the Technical Division, particularly aimed at the 
encouragement of younger members an and in recognition of of 
4, The Society has established from current income an annual Research ~ 
- Fellowship of $5,000 for the pursuit of basic research in civil re by 
best qualified graduate student at a recognized institution. 
: aa _A Research Luncheon at the mid-winter meeting of the Society 1 is held 
a annually to” which a speaker of national prominence | is invited for the purpose 
of stimulating research interest in the membership. Three of these addresses 
have been published. 4,5,6 The research prizes are awarded on this occasion, 
oe and the winner of the annual research fellowship of the Society is announced. 
The effective for the 2 advancement of research aims ina 
specific area of interest has been the or organization of Research Councils - 


a 2“A Conference on Basic Research in Civil Engineering,” Record of Addresses and 

Reports, sponsored by the ASCE, Natl. Science Foundation and the George ‘Washington ~ 

4 3 “A Conference on Research Objectives and Organization - - The Second Conference a 


ASCE and the Technol. Inst. of Northwestern Univ., September 10-11, 1959. a 
_ 4*The Responsibility of a Profession for Developing New Knowledge,” by M. A. : 
5 “Great Opportunities in Civil Engineering Research,” by Lee A. DuBridge, Civil 
he Role of in Civil Engineering, ” -Morrough P P. O’Brien, Civil 
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on their essential autonomy in setting research goals and in the solicitation Ss es 
funds. A number of Research Councils have functioned in the past under ae 
“Engineering Foundation”. receiving token support. Several of these are now 
(1961) under ASCE sponsorship, due to the impending reorientation of the i 
of the Engineering Foundation. New councils, however, have been formed and i : 


% it is believed that this type of ‘research team provides an efficient mode of 
ag _ All research activities of the Society will receive, in the future, con- — 
ae siderable coordination and direct support through the establishment at Society 3 
Headquarters of the office of Director of Research. The funds to make this 


_ possible have been appropriated in equal shares by the Engineering Foundation — 
ay and by the Board of Direction of ASCE . Needless to say, the Research Com- : oi 
_ mittee does not visualize this office merely as an expansion of administrative 

= but expects that it can be staffed by a recognized leader in research - 
who | can effectively stimulate our own activities on a broad basis as wellas ~ 
promote the much-needed interest of private and public agencies in the in- 

and support of research projects in civil engineering. 


FUNDS COMMITTED 
- Following this organizational summary of Research Committee’s activities % 
in support of civil engineering research, it may be well to add the present 
financial commitment of the Society in this direction. This is difficult because 
_ there is no specific budget for the activities of the Society that might be classi- . S 
fied under research. Let it be acknowledged here again that all Technical ; 
a Divisions have research committees, provided for in their own budgets, and — 
_ that many technical committees of the Divisions are concerned with research 
i activities; indeed, the Engineering Mechanics Division may be counted entirely 
_ in this category. The Society also performs an extensive service to research — F 
_ interests through its system of publications, which is in the process of con 
ae improvement and accounts for a major share of the Society’s expen 
tures. There is presently no way of evaluating the total of financial contribu- : 


“tons for these servies, and only the budget of the Research Committee gives 
‘= direct, if incomplete, indication of funds allocated to research activities by 
i, - the Society. For the fiscal year October 1, 1960 to September 30, 1961 this ‘ai 
budget was as follows: 


Fellowship 
Office of Research Director 
Conferences 

Contributed by Eng. Foundation 


_ years, it is by no means adequate to sustain the program of research activities, nae 
which, in the ces of n many members, is vital to our profession. It is a 
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for the so — to growth much larger 
funds must in the future, ater from internal sources or 


- gearch for ‘many years as a matter of pallies. It may be helpful at this point 4 
- mention that the American Society of Mechanical Engineers (ASME) has aided bir , 

_ research activities for many years through sponsorship of specific projects to : 4 
= extent of $750,000 per yr; naturally, the major portion of this amount came i &§ 
from industrial sources. On the other hand, the total funds available for civil — 
engineering research conducted by all the Research Councils under the spon- 


yr. A number of government agencies: sponsoring basic research primarily 
academic institutions have allocated for example in 1957 only $300,000 out of 
> a total $24,300,000 to civil engineering research, whereas more than ten times 
this sum was provided for each of the other engineering fields. 
_ More importantly, the National Science Foundation according to recent esti- — 
‘mates | has been able to support pa about 1/4 of the research proposals judged - 


‘not be granted. This present inadequate state of basic research support for our a ; 
field is in the reports» of the Research 


ee future requirement for the survival of the profession and the ASCE as __ 
ite public spokesman is a rigorous and responsible reaffirmation and pursuit al 7 
of its basic constitutional aims. An overall review is indicated of all Society 
- activities in the light of modern scientific and technical developments and of i 7 
ix its reflection on the future of civil engineering practice. Rightly or wrongly 2 
the general public no longer associates our work with the forefront of engi- 7 
7 i. neering advances, but looks on it more and more as an auxiliary function for 24 
design and planning in other fields, to which the initiative has often shifted. —_ : 
E; In turn, this public attitude is felt inour lack to attract our share of promising | 
- young people into our professionor evento retain many others whose interests 
are excited towards the exploration of new technical frontiers. In re-evaluation 
of its basic role, the education ofthe civil engineering student is already mov- 
- a ing rapidly to a broader foundation in the fundamental and engineering sciences 
7 - in the undergraduate years and towards graduate studies as the more profes- 
ns sional terminal phase of formal training. Such training should comprise — 
rad throughout creative investigations as essential components of the educational _ 
— for student and faculty alike. The profession cannot escape to — 


oan challenge for new answers. 

Research reveals how things are and thus in ‘But it also per- 
mits us to perceive how things might be and what better works there might: 
come into being. With this must be ees as understanding and vision grow, 
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_ and promote it. It must become more deeply involved in supporting it. Thus, 
mew ideas and methods are projected more readily into future practice and, 


material and progress on the successful 


Creative engineering thus demands a modern engincering mind capable of 
detailed analysis and yet of encyclopedic breadth; it demands closeness to 
* basic principles and distance to discern unity in the interplay of all forces; 
it demands less concern with established techniques and codes and more flex- 
_ ibility to compose new links into new frames of conception. 
This is the that our time has set for and particularly 


| of the engineering mind from the resigned acceptance of yesterday’s 
codified knowledge s routine solution to thoughts of tomorrow’s 


alike sense in our activities a greater promise and challenge for the future. 


i 1. The present frame of our research organization must be nie 
and greatly expanded. The leadership of our Technical Divisions and of their 


towards the generation 1 of this mental “climate, so that. members and public = 


Society policy through representation on the Board of Direction. 
2, The research areas of broad and major significance to the profession 
_ should be identified and appraised in collaboration with scientists and engineers s 
" in all professional fields involved, Interchange of ideas and visions between | 
2 all learned disciplines should be initiated and systematically fostered through > 
on a wider scale with the above aim. Society membership should 
be open to all actively engaged in civil engineering research and development ie. 
oT , The research directed activities of the Society should be given promin- a 
ence in all professional publications, and papers dealing with future develop-— ; 


ments and possibilities should be invited in additionto comprehensive evalua- 


a 4. Specific research tasks areto be outlinedthrough the TechnicalDivisions 


and all members, but especially younger members, should be encouraged to b, 
4 Needs and opportunities in civil engineering research mustbe more ef- 
‘fectively presented to industry, consulting firms, and governmental agencies 
with the aim of strengthening their own internal program and of securing vastly — 
increased support for our activities and project. Too frequently the present _ 
inadequate funds allocated to research in some of these agencies are sub- 
4 verted to other uses through lack of recognition of their importance and through 
7 _ short-sighted and narrow interpretation of the function of research, 
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a oP at expansion of knowledge in the three phases of research: discovery and [i 
* _ development of basic principles, adaptation to practice, and organic synthesis § [ii 
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To enhance its moral position for eventual outside support, the Society 


4 should assume increasing financial responsibilities for research and direct 


sponsorship of projects of unusual scope and promise. In this connection, the 5 q ; 


‘ the « establishment of a special research fund to be financed by a definite in- 
Beyond the more immediate confines of its own research interests, the 
- Society should strive to represent the profession effectively in all councils Cc 
national and international bodies through which policy pertaining to science —_ : 
engineering is shaped. This requires, again, first the strengthening of our own 
4 


price research committees of several Technical Divisions have proposed alll 


The possibilities of a better human environment through research as" 
wall as significant advances and accomplishments should be effectively publi- | 
cized through press, radio, TV, and film media with modern methods and mass 
--—-s«@,-s«- The thoughts, philosophies, and personalities of leading scientists and 
engineers should be brought before our members not only at large conventions 
. but also at local section meetings, through national lectureships of the a @ 
and free for the discussion of present and future tasks 


CONCLUSIONS 
‘This review of possibilities to recondition the research climate and to ie : 
—* the basic functions of the Society is not meant to present a complete ie 
Ee i course of action. It represents only what the speaker was able to | compose for as 
_ this occasion within his allotment of time, from the thoughts of others, and from 1, 
a _ his experience with the present research activities of the Society. It is certain Po 
en iS that many members could greatly addto this summary by suggesting additional 
Sal approaches and suitable measures to be followed. They are cordially invited to a 
iS cay establish contact with the various Research Committees of the Division to this 
o)  —Inan essay of Ralph Walter Emerson’s the following passage is found: “the 
quality of the imagination is to flow, and not to - freeze, The poet did not stop at 
the colour or the form, but read their meaning; neither may he rest inthis 
Ps meaning, but he makes the same objects exponents of his new thought.” This 
is, in essence, the message that we should find in all our tasks as professional — 
ie people. Progress has been made, but the rate of advance has been too slow and iS 
restrained, The preceding suggestions, and probably many others, must 
_ implemented with a sense of urgency. If our concern and willingness for deere 
_ mined action can be communicated to the general membership, a major step _ 
will have been accomplished in moving towards the creative of human 
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POW mi RES 
SYNOPSIS 
_ This paper discusses the application of ‘the new scientific development of a 
atomic power for public service, which has appeared on the national scene fol- 
ay lowing the end of World War IZ. In this short span of 15 yr, the spectacular new 
energy resource of the atom has attained a stature which to some people is “_ 


“= exciting, to others fearsome, and to most everyone highly mystifying. Lit : at 
_ A brief historical review is presented, with an outline of basic legislation, 


governmental controls of policy, a demonstration program of power reactors, 
and the hazardous features of the new science. Of ‘primary it interest to: all en- 


protect the public against the unprecedented hazards which are involved in the 

operation of an atomic power plant 

_ Reference is made to the private insurance industry’ s inability to mre 

adequate third-party liability insurance. As a consequence, most of the burden 

of paying indemnities, following a major disaster, has been shifted to the tax- 

_~payers . This, in turn, has created incentives for the selection of sites ae 

atomic power plants which tend to increase the hazard to the public and which _- 

-_vinlate the basic responsibilities of the engineering profession. An | example is - 

_ Presented where a new atomic power plant has been constructed near a large a 

a fae center. Court action was initiated to halt construction of this plant. em 


Note.— Discussion open until March 1, 1962, To extend the closingdate one month, a 


ae written request must be filed with the Executive Secretary, ASCE. This paper is part _ 
of the copyrighted Journal of the Professional Practice Division, Proceedings of of the 
- American Society of Civil Engineers, Vol. 87, No, PP 2, October, i” Rohe 
Paper to be presented at the Annual Meeting the Tennessee Sec., at 
xville, Tenn,, in 1961 i 
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of public safety and the overriding responsibility of odebeabhenel engineers to a 
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was nearing the end of a ten- effort for a on “Facts and 


x a Fallacies in Atomic Power.” Because it appeared that the court would be eca- 


fronted with some highly complex technical questions and unprecedented re- e — 


_ sponsibilities which should be of primary concern to professional e engineers, 


the writer was granted the privilege, by the Court, of presenting part of his - 


' in the form of an “amicus curiae” brief. The brief is included as 


wed appendix to this paper. . It provides an | example of the privileges and id obliga- 
tions which a professional engineer rmay exercise under our ‘oper system in 


an effort to protect the public 


bo 
. remarkably short period of three years, from 1942 to 1945. “This ie = 
performance in simultaneous research, design, and construction had demon- 
: io what can be achieved (in time of war) by taking a newtechnology and oe 
developing it under a combination of unrestricted governmental authority and . 
unlimited supply of governmental funds. Such a policy of direct 
action, as a temporary but essential measure, is generally accepted 
by the American people toassure the preservation of their republican form of 
government. But, by the same token, a primary objective (with the end of war) = 
the return, as rapidly as possible, to the constitutional processes of govern- 
= and the normal forms of commercial enterprise. 
ih retrospect, for most industrial enterprises, the postwar transition toa : 


commercial activity took place under the traditional system of free 
| ewe economics, localized responsibility, and the Rule of Law. ot tree 


ever, no such combination of traditional guidelines existed for the commercial pas 


applications of the hazardous new science of atomic fission. Furthermore, at 
this stage, all of the government-owned facilities for the production of fission- 
at able ‘materials were c considered, primarily, as of continuing great military im-_ 
_— portance, and were confined behind a vast wall of secrecy. _ These facts con- 
tributed tothe decision to maintain basic control of the new science inthe | form 
Bt ae Ever since the first sustaining chain reaction was accomplished | in 1942, 
ae there was no doubt about the technical feasibility of producing electricity from 
s am heat generated by the fission process. In time, various proposals were advance d 


es. to utilize the heat from a controlledatomic reaction for the production of steam — 


cg tional fuel-burning steam plant, the steam boiler unit would, in effect, be re- 
placed by an atomic reactor.) The practical ‘problems, however, were quite ac 


- to drive a conventional steam-electric generating unit. (In terms of a conven- 6 oi 


_ obvious even at that time; in fact, it seems that as more knowledge was ac- 1 


quired, the practical problems loomed constantly larger. In particular, there — 
os was no early prospect of bringing down the cost of atomic power toa levelof 


LEGISLATION OF 1946 - ATOMIC ENERGY 
_ The “Atomic Energy Act of 1946” created the Atomic Energy Commission al 
andes established | afirst _— of legislation ond the development of electric power : 


— 
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:NGINEERING RESPONSIBILITY 


- from snouts fission. It was recognized at that time, as stated in the “Decla- 


- . ration of Policy” of the Act, that “the effect of the use of atomic energy for 


civilian purposes upon the social economic and political structures of today 
4 cannot now be determined. It is a field in which unknown factors are involved. 
' _ Therefore, any legislation will necessarily be subject to revision from time to — 


time. is reasonable to _however, that tapping this new of 


practically impossible for the private power industry to participate in the de- PS 4 
velopment of atomic power for commercial purposes. 
_- During the late 1940’s the Atomic Energy Commission (AEC) un undertook the * 
development and construction of four atomic reactors that were intended to pro- 

vide experience in the construction 4 and operation of such devices. In 1950 the F 

AEC. received expressions of interest from various” industrial ‘groups: who 

wanted to explore the possibilities of developing the commercial aspects of oO 
atomic power; this interest w was further ‘Stimulated during the > period | 1960 


-. In February, 1954 Congress ‘began consideration of major revisions in the an. 


7” material and of facilities capable of producing fissionable material. iota, 
e, ownership, and operation of atomic 
and related activities, subject to necessary safeguards under licensing 
_ systems administered by the AEC. 


. (c) it authorized the AEC to establish minim 


(e) tt liberalized the patent pal the omte to a lim-_ 
the time the “Atomic Energy y Act of 1954” became law, there been 


an number of amendments, some oof them relatively minor and others of consider- — 4 


‘The legislative history of the | “Atomic Energy Act of 1954” shows quite 
clearly that Congress favored an active industrial program of participation in 
the development of atomic power. For example, when the Joint Committee on y 
4 Atomic Energy reported the proposed legislation for consideration by —— - 
the majority stated: “We do not believe that any developmental program car- 
gy ried out solely under § a auspices, no matter how ‘efficient it may be, 


can 


_ However, responsibility for the development of atomic power was not turned = 


over to industry by the Act of 1954. The Act authorized and directed the AEC 2 


& 2 House 2181, Senate No . 1699, 83rd 2nd Session, 1 


a 
q 
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— 

[ations To govern the use ahd possession Ssionable materials. 
(d) It permittedthe AEC to supply special fissionable materials andservices 

licensees for the operation of reactors, at prices to be established by the 
— 

a 


— 


= to arrange for the performance research and development to the use 
ae of atomic energy, for the “generation of atomic energy, and a demonstration of 
ae the practical value of reactors for industrialand commercial purposes, other a 
tinge through its own facilities or by private or public institutions or persons.” eS 
_ Under the Act of 1954, the government retains ownership, through the AEC, E 2 
i a of all rights, title and interest in the special materials, such as uranium or a 
‘ oe plutonium, which are capable of releasing substantial quantities of atomic ener- 
ze a gy. A private company owning anatomic power plant is prohibited from owning ok 
the special atomic materials, or “fuel rods,” which are the basic source of the jae 
heat energy. materials must be borrowed or leased from the AEC, sub- 
to what the Atomic Energy Act defines as a “reasonable 
MONSTRATION PROGRAM POWER REACTORS 
which it offered to underwrite a part of the cost of certain atomic power yeet- Bis i 
a ‘ects. In January, 1957 the AEC expanded this program by inviting proposals» a4 
e to design, construct, and operate atomic power plants. No limitations were 
_ placed on the types or sizes of plants which could be proposed, other than that 


cial atomic power and that construction should be completed by June, 1962. 
- During the past six years the AEC has issued licenses to nine private utility Pinte 


groups for the construction of atomic power plants ranging in capacity from a 
2 small one of 17,000 kw to the largest one of 150,000 kw. Available cost esti- 


Ee mates for six of these projects indicate a total of $280,900, 000. Of this total 


AEC has committed itself od the ‘contributions in the 


a of somewhat smaller bm ranging in size from 10, 000 kw to 75,000 kw. The - 
> available cost estimates indicate a total of $131,400,000 for these four plants, 
and the AEC amounting to a total 
AND ITS EFFECT ( ON N HUMAN BEINGS 
‘Prior t to the development and use ‘the atomic bomb in World War I, radi- 
ation injury was a relatively rare occurrence and, when it did occur, was 
‘usually confined to scientists or other specialists working directly with such 
= early developments as x-rays. As aconsequence the general public has almost 
no knowledge, and very little concern, about the possible harmful effects of radi- 
ation. Even the vast amounts of medical information and other - statistical 
records which were accumulated in and Nagasaki have been studied 


radiation asa factor which must be taken intoconsideration v when 
atomic power andits uses are discussed. = 
pix’ Unfortunately it is not feasible to enlarge onthis extremely important sub- q 
: . However, it may be stated briefly that the harmful i 
consequences of radiation fall into “short term effects” and “long term effects.” 
_ The short term effects (other than immediate death ) involve radiation elckness 


ad 
and burns, 


— 
— 
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— 
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be achieved treatment within 6 months to 1 yr. The long ef- 
= fects of radiation on human beings consist of general reduction of the life span, 
; the induction of cancer, of — effects to the next gen- 


» 


AREAS O OF ‘PROFESSI IONAL PONS 


new areas of agape which should be of fr Wess concern to the engi- 


Le plants. This area of responsibility is of primary concern in the present paper. me 7 
_ A second and very important area of responsibility relates to the disposal 7 


mn storage of radioactive wastes from atomic power plants. The following | . 


brief quotation will suffice toidentify the importance of this 1 new ay an 
the current wave of enthusiasm for nuclear p the manage-— 
ment of wastes has the position of a step child. One risks being branded ki 
a Casandra if he points out, as Iam doing, that waste problems may — 
_ make or break the nuclear power business. A lawyeractive in the atomic _ 


_ power fieldhas pointed out that improper disposal of reactor wastes may 


now receiving so much attention. It many pot be fashionable to ponder — 
these problems, but it is nonetheless — pare to do so while there is ‘i 


st still ill time to avoid s¢ serious mistakes.” 
“4 It has also been | pointed out that «the problem of keeping millions of tons 
or dangerous nuclear waste out of circulation for centuries will become pro- 
 digious as more and more atomic furnaces come into use. AEC officials term _ 
it ‘one of the major challenges of the industry.’ ”4 
With respect to the responsibilities of operating a reactor, an n acceptable 
appraisal of the potential hazards can be made only after actual operating ex- _ 
periences, under a variety of circumstances, have produceda significantrecord _ 
‘of failures. This severe discipline in the advancement of the art of engineer- ae 
ing, commonly known as “learning from failures,” is well exemplified in the 
slow and laborious development which has taken place in the design and metal- a 
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OF INSURANCE 
c One of the noteworthy influences in the development of steam belles units” 
. has been the private insurance industry. This industry has at all times col- — 
laborated closely with designers, manufacturers, and operating companies 


through its own resources of engineering and inspection service. This 


Presented G. Hoyt Whipple, Health Univ, of Rochester, Atomic 
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1961 
Silas of any type of boiler failure, involving not only the physical and 
_-s: personal damage to the power plant and its operators but also to the public — 
living in the vicinity of the ‘plant. . The latter protection is provided through 
am _ This sense of localized responsibility is a feature of our national economy a 
"which deserves special recognition. It represents a unique combination of legal 
and ethical standards in serving the public interest. In the atomic power field, — “3 
on the other hand, , the insurance companies were confrontedwith a newand un- 4 
precedented peril. After considerable study they were obliged toannounce that 


they would be unable to offer insurance on j 


— March, 1 1957 the AEC ‘published a report, “Theoretical Possibilities and 
Consequences of Major Accidents in Large Nuclear Power Plants,” which is 
generally known as the Brookhaven Report. The results of these studies indi- q q 


cated that, depending on local conditions, the property damage > alone could 


range betweer $2,300,000,000 and $4,000,000,000, and possibly higher. Dam-_ 
+ age tohealth and life could be on the order of 43, 000 injuries and 3,400 fatalities, 

_ without taking into account the: probability of harmful long term effects on a 
several hundred thousand people. The financial liability for human vl 


vas not evaluated and is, obviously, beyond comprehension. = 


There are, of course, various alternatives available with respect to site Ci 
selection to minimize the potential damage in the event of a reactor failure. 
As a matter of fact , remote locations and long transmission lines have been 
adopted for many hydroelectric developments. The traditional practice has 


responsibilities to produce an optimum solution of design and site selection : 
for a new power plant. . However, instead of relying on such practices for 
_ atomic power plants, a proposal was advanced which must be regarded as a 


set offeredby the p private insurance industry, was transferredto the 
_ _ The net result of this action has been to disrupt the traditional system of 
disciplines and responsibility of the engineering profession. The public has 
. great confidence in the engineering profession to protect the public health and a 
© a safety, and professional engineers are expected to serve under the highest 
standards of ethics and intellectual honesty. However, these standards cannot 


prevail under a of indemnity which displaces such responsi- 


LAGOONA BEACH PLANT - AN EXAMPLE 
a Although the issues of public safety apply equally to all 
whether publicly or privately owned, a specific case may help to identify the 


issues which are currently growing up in the field of power. 
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‘Under the Act of 1954, which authorized industrial act > and o} on 
of an atomic reactor, a group of power companies formed the Power “Power 
Development Company (PRDC) and offered to participate inthe AEC’ Ss _——— 
_ Demonstration Reactor Program.” | steam proposed to developa  “breed- 


proposed PRDC reactor represents a greater step the 
ext existing state “of knowledge | of the art t than any other reactor of compar- 


The Committee believes there is insufficient information available 
this time to give assurance thatthe reactor can be operatedat this 


a Despite | this adverse r report, the AEC issued a provisional construction per- 
mt in August, 1956. Since then, the construction of the plant | has been sub- 
‘stantially completed and it is now known as the Enrico Fermi Atomic Power 
“ Plant. The site, on the shores of Lake Michigan, is about 35 ‘miles from the 
center of Detroit and about 30 miles from the center of Toledo, Ohio. Im- 
portant municipal and industrial water intakes lie within 30 miles of the site. 
Ss ‘Many of the site conditions correspond to the setting which was assumed for 
the study i in the Brookhaven Report. Ultimate engnety is Hee to be 430, 000 aa 


kw of heat, or 150,000 kw of electricit niente a 
‘LEGAL ACTION TO STOP CONSTRUCTION ON sat 

‘The action of the 1e AEC in granting the PRDC construction perm mit was strongly x 
criticized in Congressional circles and other groups concerned with safety as- 


pects. In August, 1956, after public release of the adverse report of the Safe- 
guards Committee, representatives of organized labor filed a petition requesting 
the AEC to order suspension of the construction permit. They alleged that the 
* permit would result in construction n of a reactor which had 1 not been found safe, 
"4 and that operation of such a reactor would create hazards which would imperil 
lives, health and property. Following hearings held in 1957, the AEC AEC C issued © 
its “Opinion and Final Decision” on ‘May 26, 1959. It concluded: 


believe the public in the of the fast breeder 
reactor, the time to be saved in proceeding with construction while the 
remaining technical and safety problems are being solved, and our re- 

sponsibilities under the Atomic Energy Act of 4 are better served 


_ Dissatisfied with the AEC’s s decision, the labor “unions petitioned t the United 


- tion | are e not sufficient. 
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f tion of an atomic reactor that will not be | operated. If enormous coms 


4 
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— 
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sonable safety, pressure to permit operation adequate assurance 


will be great and may be irresistible. AT 


_ “Wethink it clear from the Congressional concern for safety that Con- yi 
gress intended no reactor should, without compelling reasons, be. located 


where it will expose so large a population to the possibility o! of a nuclear 
disaster. It does not appear that the Sou Some 


we think ¢ the insufficient, we set aside 
Commission’s grant of a construction permit. . 


"States Supreme Court. On June 12, 1961, the Supreme Court reversed the judg- 

q ment of the Court of Appeals.§ It ruled that issuance of the construction permit 
_ had complied with the statute and regulations. Unfortunately, the Supreme 
“Court chose to limit its decision to the legality of the construction permit, and 
to isolate it from the further procedures of applying for an operating permit. 


_ “PRDC has been on notice long since that it proceeds with c construc- ee 
tion at its own risk , and that all its funds may go for naught. With its ids = 


that will not be the end of the matter. The respondents may “a judicia 


The ‘minority opinion of Court declared: 
“This legislative history makes clear that the time when the issue of ‘ 


‘safety’ must be resolved is before the Commission issues a construc- | 
tion permit. The construction given the Act by the Commission (and to- 
day approved) is, with all deference, a lighthearted approach to the most 
awesome, the most deadly, “the most dangerous" process that man has 


ao ae An extensive research in the field of atomic power had brought the writer 
to the conclusion that the selection of a site for an atomic power plant isnot 
= - governed by rules of law, but calls for the application of expert judgment a _— 
engineers. It is a problem involving great responsibility and 
technical complexity on which the available knowledge is relatively limited. 
-— appeared advisable to make the results of this research available to the = | 


ee Court by exercising the privilege of filingan “Amicus Curiae” ' Brief. 
was that ‘this would contribute to serving the public interest. ‘How- 


280 F. 2d 645, 1960. 60, 


rE Supreme Court No. 315 and 454, October Term —— June 12, 


— 
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— 
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solved: The Court’s decision decla | 


‘The “Amicus Curiae” Brief contains much which is believed to have = 
 - ae reference value; it is included here as an appendix. It provides asum Ry 7 
mary of basic philosophy in a newarea of engineering responsibility which ide-— 7 
a mands the attention and critical appraisal of all professional engineers. yee 4 
‘The task of attempting to communicate the basic concepts of professional 7 
responsibility in non-technical language was not a simple one and, undoubtedly, — va &§ 
the present ‘result is not the best. . However, it serves to identify the great re-- i. s _ 
"sponstbilities and the duty which confront the professional engineer in this” 


ae - technological age. His failure to meet these responsibilities is bound to add 


of space have prevented a more detailed exposi- 
tion of various important matters. To clarify the issues, emphasis has been . ; 
directed to the factors which relate to engineering responsibilities. It is clear — = 2 
that the basic problem | as outlined in this paper remains unresolved. Hence > 
there is much to challenge the resources of the 
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‘The issues before the Court in this proceeding are of grave importance in 
the application of the new science of atomic energy for the generation of elec 7_ 


- REASONS PROMPTING THE SUBMISSION OF F AMICUS CUF CURIAE BRIEF qa 


tga involve heavy responsibilities concerning the health and safety of a 
the general public. Beyond the questions which have been defined in terms of 
_ embryonic lawand emerging regulatory principles, is the fundamental question 

: whether a potential hazard of unprecedented magnitude : shall be introduced in ; 

an area where a large population would be exposes to it. The Court’s decision 


= ein. of a site for an atomic power plant is not governed aay ro 
_ of law, but calls for the application of expert judgment by professional engi- 
neers. It is a problem involving great responsibility and nd technical —— 
on which the available knowledge is relatively limited. 
tS Although the criteria for the selection of a site for a conventional type of el 
power plant correspond to well established principles based on the ‘operating 
- experiences of many similar power wer plants in all parts of the country, the in- 
£ _ troduction of atomic energy for the generation of electricity has brought with 
it new criteria for site selection. It will be shown that some of the criteria 
nent in the selection of the site for the atomic power plant in the case be- - 
fore this Court violate the traditional principles of which the 
- _ engineering profession is expected to observe. The basic issue, therefore, 4 


although it here concerns specific parties, is of deep concern—now and for all - 


uture time—to professional engineers. 
- “aa It is the belief of amicus curiae that an exposition on the responsibilities of 


Pam the professional engineer in relationship to the tremendous perils involved in 
the application of a new science will help to clarify the fundamental questions _ 
e before this Court. This brief, therefore, represents an effort on the part of a 


Questions Relating tothe Project 
a) _ The questions before this Court relate to an atomic power plant aint 
Fermi) currently under construction by the petitioner, Power Reactor Develop- i 


(PRDC), at a site known as Lagoona Beach, ‘some 29 miles 


involved, the issues are of overriding importance and applicable to all all atomic 
power developments, whether owned privately or by public bodies. 
_ Why is there a conflict ? This question is discussed in considerable detail Z 


i In the selection of this | power plant site, the no normal influences of pro- ¥ a 


_— - the ar brief, but the following basic factors are elements in the con- J 


* fessional engineering responsibility for the protection of the public—and the 
ethical obligations of the engineering profession—have been defined their nor- ‘. 
; = 2. Once the atomic power r plant goss tat into op operation, the surrounding po popu- 
lation (although unaware of its would be in the: shadow 
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of a potential ‘disaster of unprecedented this reason partof | 


_ the population in the vicinity is seeking relief from the Court to prevent this. 


project becoming an operating hazard. 
Be _ 3. In the event of a major accident or failure of the atomic energy unit, 
most of the “resulting cost of the disaster would fall on the taxpayers of 
re. sale country. At present they are generally unaware of this potential new burden. ve 
Me 4. In applying for a license for this new power plant (which was approved a 
by the Atomic Energy Commission) some unusual procedures were introduced. et 
A first license has authorized only the financing and construction of 
ee: As ‘the power plant, on the strength that this involves no atomic operating haz- ie 
ards; however, the magnitude of such potential hazards was recognized. 
b. A second license for the operation of the power plant is to be 
= si sidered some years later, after the large capital investment has been made. 
ee E This sequence may create anelement of pressure for gaining approval from 


7 pester ofa site for an atomic power reactor near a populous area, unless 3 #2 
Commission finds that there “compelling reasons” for such 
Before granting a permit for the construction of a developmental: atomic 
power reactor, is the Commission required, under the Atomic Energy Act of 
1954, to determine that the proposed reactor can also be operated at a ee. a 

location without undue risk to the health anc and the 


uate protection being provided for the health and safety of the public: con 8 
2, In the normal course of our historical development the health and 
of the public have been safeguarded by two basic influences which have grown Sera. 
up as intrinsic features of our social and economic system and of our Con- 
ra stitutional form of government. ‘The first influence is a broad structure of law 
_ which has been enacted at the local, state and national levels of government; _ 
we this is administered by selected public officials and is upheld by a oo ef 


a The second influence is an n equally broad structure (at the local, state and na- ae 
is tional levels) of trained specialists in the professions of medicine and engi- 7), 
¥ ps neering; these ‘carry out their responsibilities within the law, but with the e 
ded obligation of observing the self-imposed disciplines and ethical standards Be 2 
_ of their professions. Both of these influences are the _— of centuries ee. 
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those who must finally pass on questions of safety in the operation of this [i 
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ENGINEERING RESPONSIBILITY 


_ more its application in the useful service of man (for the production of — 
tricity) is generally regarded as being only in the experimental stage. 
i case before the Court raises some basic questions a 
amit of atomic science under a very limited structure of new land and | 


in conflict v with the established disciplines a and ethical standards of the engi- 

neering profession. This is the first | case of its kind before this Court. con- 

cerning the administration of such law and the final decision will have an im- 

: portant bearing on the future trend in the application of this new science. a 

_ 5. An objective of this brief is to demonstrate that the present issues be- 

fore the Court have developed out of various current deficiencies in our social . 

and economic system, and out of the abandonment of the normal sense of re-— 
Sponsibility in the application of a hazardous new science. _ 
6. The neater of atomic science for the production of electricity (“atom- _ = 

power” ) has developed under unique circumstances as a result of an histori- 
cal coincidence. Scientists succeededin making the first experimental demon-— ; 
stration of nuclear fission in the same year that World War II began. The de- _ 
structive potentials of nuclear fission were soon recognized,andthis ledtothe ff 
rapid development of the atomic bomb. All of this work was done under — - 
mental control andin strictest wartime secrecy. With the end of the war came ot &§ 
a strong desire to apply atomic energy to beneficial uses and, as a first step, — 
Congress passed the Atomic Energy Act of 1946. However, this Act established =e &§ 
atomic energy as a government monopoly and subjected the research and de- 4 
velopment work on such applications to full governmental control. Some eight 

years later new legislation was enacted (in 1954) which relaxed the gol 
-mental monopoly features—but did not eliminate them. 


P. OF . In general, the development of atomic power has taken | place ina neaees 
4 


fn tion opposite to that which has occurred in the production of electric power 
from coal, oil or falling water. These conventional power sources have grown on 
up step by step through a multi-centered process of development, and under a. 
standards of design which carry the approval of the engineering pro- 
fession. Governmental controls have been devised as the need developed. Ih 
= ‘the current development of atomic power is taking ; place in ter ‘ 
sequence, starting with the status of a government monopoly. This is inter-— 
- fering with the application of the established disciplines and vepedtitiien 
of the engineering profession for safeguarding the public health and safety. 
— In the case of the atomic power project before this Court, if the location 
of the project! had been established within the normal disciplines and responsi- q 
é bilities of the engineering profession, the present site could not have been ap- 
proved. an Advisory Committee originally reviewed the proposal, it 
~ found the available information insufficient to give assurance that the reactor i 


‘ion of this Committee did not prevail. 
a: The historical development of law at paves state and local levels which, in 


their activities might inflict on the public, has produced nationwide 

of public safety. As a concurrent influence, the insurance industry has de~ 
- manded high standards of safety and the application of sound engineering prac- : 
_ tices asa prerequisite to writing insurance against any liability which i 
arise. . In the new and startling developments of atomic power the insurance — 
ae was confronted with many new problems and mee hazards of un- i 


tm 

| | 

a | 
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1961 


released by the Atomic Commission 
vealed that property damage from the failure of an atomic power plant could © , 

amount to more than $2,000,000,000, that fatalities could number in the thou- =i 

a - sands, and injuries in the tens of thousands. The insurance industry sought to _ 

.- serve this new area of risk-taking, but found it beyond its capabilities. The | 

Ee companies finally pooled their resources and agreed to preriee up 7 

‘this was an unprecedented amount for the American insurance industry, it fell far 

- of protecting the manufacturers and the agencies which might engage in — 

as” _ It must be viewed with regret that this problem was resolved by placing 
on the Federal Government and, thus, on the nation’s taypayers, the antes) 

a any damages (in excess of the amounts covered by the insurance companies) 


ih might result from anatomic p power plant disaster. This did not, of course, _ 


- eliminate the hazard; it only relieved the agencies which might engage in the | 
_ development or production of atomic power of the great financial | responsi- — _ 
s bilities in the event of a disaster. . This is the situation which applies today to + ’ 
4 1. The developmental and design programs of the past 15 years, together 
wy: with operating failures which have occurred on small scale “pilot” atomic power 
my! plants, have confirmed the terrifying potentials of disaster which may be as- 
sociated with such power plants. es ofcoal, 


It is generally recognized that the conventional energy resources of coal, 


- generating electricity from “atomic ‘fuels,” ” or of taking chances which in- 
volve potentially disastrous consequences (no matter how remote | they may be 


a - ai 13. The idea that history tends to repeat itself may find some confirmation — ‘ 
; in the present case. In 1929 the late Lord Chief Justice of England, Hewart of 

_ Bury, wrote in eloquent terms about the emergence of a new system of law. 

: oe _ He calledattention tothe trend (in this age of technology) of transferring — 
responsibilities, by legislation, to new administrative agencies; these, in turn, | 
are given wide range of authority to establish administrative controls and regu- - 
lations which eventually become “administrative laws.” This, he warned, may — 

a eventually lead to “ “administrative lawlessness.” Such a trend, obviously, would | 

: contain hidden dangers to our Constitutional system of government and to the 
Rule of Law, as well as to the independence of our established system of justice. _ 

_ 14. ‘The factors and relevant issues involved in the present care are much 2 | 

: broader and far-reaching than the simple question whether a specific atomic f 
: power reactor should or should not have been constructed at a particular site. 
eae The Court’s decision in this case could have a | far- reaching influence in pre- a q 
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of th the following: deficiencies: 


of the re respons ibilities of the 


harmful exploitation of engineering responsibilities; 


. harmful exploitation of public confidence in the engineering pro- 


4 (a) failure of leaders in the engineering societies to defend th the position 4 

ee failure of leaders in higher education and in scientific nals to 

provide effective of this new science public authorities 

overzealousness’ and uncontrolled pressures to manufacture and sell 

undisciplined efforts to excel in new technological achievements: 
abandonment of management and corporate responsibilities a 

consequence of special legislation), and transfer of such 


o (i) unwillingness or failure on the part of those in high covermenal 7 


a 


authority to seek or accept responsible engineering advice; 
mi (j) a combination of these deficiencies which may be summarized as 


‘Il. These deficiencies have ledto a situation which is harmful tothe oe 
nterest and the national welfare. 


The various areas of responsibility which — 
are involved in the development and practical application of the new science of 
atomic energy will be reviewed in greater de 


A to the present case is the lack of common ‘understanding 


- regarding the basic difference in responsibilities as between scientists and 


engineers. Asa matter of ‘fact, recent decades there has emerged such a = 
confusing concept of these two professions that the terms “scientist” and “ engi- 7 


 neer ” are at times used interchangeably or in combinationas “engineer- -scien- 


_tist.’ ” Such a confused use of these designations is harmful to — e safety as 
as to national policy. 


Technology During World War 


Fa engineering and science; in the course of this struggle, our nation mobilized 
« 

its resources of engineering and of science into a single collective ‘ force ll 

The end of the war left the world disrupteda at all levels of civilized dendsavor. 

this chaos new levels and 1 responsibility had to be 


| before the Court have developed out of one or more 
— 
4 
7 
no struggle in th ication of modern 


either | nN the | exercise of dictatorial powers or by the slower processes of 


_ In this historical transition from war topeace the normal areas of respon- 7 
- sibility 2 as between the scientist and the engineer have r not been r re-established 7 
on a basis which would best serve the national welfare. As a matter of fact, — 7 
the traditional concepts in such matters have become obscured within both of — 
_ these great professions, and there is little evidence that their members have — a 
the resources or the will to redefine their respective areas of responsibility. — 
This must be regarded as a basic defect in our national posture. Furthermore .. 
A ‘it can be shown to be a factor in the pear ecoepenman this Court has been asked ei 
Decisive Powers of Modern 
os a Modern science has demonstrated that it can open the way toa golden age 
if it is developed in freedom for the benefit of mankind. However, as some of 
% providing the means for a “reign of terror” cone the threat of “total destruc- 
_ tion” if these forces are concentrated in the hands of the few and directed to to- 
ward selfish or ruthless ends . The history of mankind has beena story of 


_ being buffetted by the forces of good and evil. Today, more than pncantcrne 7 


cisions involving the application ¢ of scientific principles. 
a One of the great truths of our technological age has been stated in these 
a words: “Modern science is the blessing and curse of ourage; itholds decisive : 
= _ powers for good and for evil. o Today the ability of man to govern himself— -to 
control his own destiny—has been seriously challenged. 
ia _ Professional engineers, working in freedom, have a primary responsibility — 
on of making plain to 1 their governments, their fellow citizens, indeed to all man- 
— a _ kind, the true nature of this situation and of the awesome choices it presents. 7 
F 5 In meeting this obligation it is their duty to give overriding consideration to Sear 
the public safety and to the national welfare. is is a moral responsibility— 
moral responsibility for the direction taken by our civilization and for the 
of lives our children’s children shall inherit. 
_ There is as much Giienene between the roles of the scientist and of the © 
engineer as there is between night and day. Specifically, the scientist makes 
Es things known and the engineer makes things work. A world-renowned scien- 
tist has identified the fundamental characteristic of a scientist by saying that 


7 “the most common activity in which a scientist finds himself is to make mis-— 
‘ <7 takes, recognize them and correct them. ”1 In other words, out of the repeated 
failures ina research projectthe skilled scientist eventually brings forth a new 
discovery. This is the ultimate objective of a scientist. His training has pre- — 
pared him to become anexpert in experimenting; however, no matter howgreat _ 
the public esteem may become as a result of his discovery, he has not become © 
vested, overnight, with any peculiar authority todecide onitsuse. 
Too many scientists, if they succumb in later years tothe temptation of as- 
suming administrative or governmental authority, are to also” 
in public to commit monumental errors. 
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quette University, Milwaukee, Wisconsin, May 20, 1959. Unpublished transcriptfrom 
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ENGINEERING RESPONSIBILITY 
In contrast, the engineer is trained and disciplined not to make mistakes. 
‘He commits himself to the severe discipline and moral obligation of applying 
scientific principles within established rules of public safety and with due re- 
‘gard to economy and the national welfare. Within these severe demands on 


r peice integrity the professional engineer undertakes to synthesize a wide 
range of technical, legal, financial and social requirements and to function as . 
_ a planner, designer, builder or administrator. However, it must be remembered = 
.. that the application of scientific discoveries remains the task of fallible men > 
1 3 and, once the engineer has made a serious mistake, his professional standing ~ 
j|§may be damagedor permanently ended. = 
"The engineer’s conservatism and sense of responsibility in the practical 7 
+ application of scientific discoveries has, in the past, taxed the patience of many a 
-ascientist. If left tohis own devices and to his “privilege of making mistakes,” 
the scientist is inclined to adopt “short-cuts” in approaching his objectives, 
and to by- ‘pass the moderating influence and disciplines of 
engineer. A statement by a noted scientist regarding the post-war develop- 
_ ment of atomic energy is an example of this philosophy: “This simultaneous 
pursuit of programs © of research, development and construction n has become — 


_ standard in the fast- -moving field of atomic energy. . eee poe 
Z In recent decades the distinctive functions and responsibilities of the pro- vel 


5 here to ) identify s some e of the erence elements, particularly as ‘they y apply dl 
conflict before this Court. 
The Role of the Professional Engineer 
iain purpose of engineering is to serve mankind; this service is achieved ‘a 
_ through the individual and personal responsibility of the professional ongueer. a 
_ His professional services demand every bitas much personalattention neh re- yo 
_ sponsibility as that of a surgeon performing a highly critical operation. 
=... Although a professional engineer may rise to a high position of success — ‘7 
ri public recognition for his achievements, there is, unfortunately, a general lack 


of understanding and appreciation of the great risks and personal responsibili q 


ties which he assumes in his work. Too often this part of the engineer’s func 

tion comes to public attention only in the event of a failure. Numerous 
_ have occurred in the past, generally with tragic consequences to the engineer. 

= Ss As an example, a disastrous failure in engineering occurred on the night of 

oo =. March 12, 1928 when the St. Francis Dam in California broke, resulting in 700 

houses being swept away and a loss of 450 lives. The Chief Engineer who was , 

‘ responsible for the design and construction of this dam, Mr. William Mulholland, . 
after 40 years of leadership in his profession, declared: _ “Don’t blame any- — 
body else. _ Whatever ase there was in this job, put it on me. If there were 2 


aa 


=e 
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a There is no substitute for such a concept of iii in engineering. for 
‘This sense of personal responsibility on the part of of each engineer is particu-— 
bes larly important i in areas of general public service, such as electric power sup- 


q _ ply or municipal water Supply. Adequate protection of the public health and 


yi Brief For ‘the Petitioners nited States and Atomic Energy Commission. No. 454, ne 


8 Western Construction News. “Quoted in Francisco, California. Vol. 
‘Number 7, p. 223. April 10, 1928. 
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safety calls a resource whe are dedicated to the 


oe practice of their profession in accordance with established disciplines and 
| : _ ethics . Such engineers have the obligation of building and operating public ie 
private facilities of all types which conform to approved standards of design — 
- and economy and which contribute to the advancement of the nation within our — 
as Constitutional form of government and within the established rules of law. | 3 
pa a It is in these terms that the engineering profession is a vital national asset * 
whose members are skilled in applying scientific discoveries for the benefit — 
and well-being of the public. Unwarranted political influence or encroachment 
ie on their responsibilities and d authority would clearly be a violation of — 7 
Thaddeus Merriman, the former Chief Engineer of the Board of Water 
5 ply for the City of New York has emsaeies the professional engineer’ s obli- a 


[the er engineer does ‘only in saving a maximum of his 
‘client’ s money. It demands absolutely that the public be afforded amaxi- _ 
mum of safety. if the client is unwilling or unable to pay f for that maxi- gos A 
mum then he should not have [his project]. And what is true in the case se 
of a private client is just as importantly true when the engineer acts nl 


public authority—he must still protect the public— no one else can per- — = 

The sense of of professional engineers, together with con- 


mented in the future as an feature of a free society. has 
Bie, a right toexpect absolute intellectual honesty. Herbert Hoover has stated most 
} ‘ae precisely that “technology without intellectual honesty will not work.” ee 
The Importance of Freedom in Engineering = 
_ It has been well stated that: “Without engineering, freedom could bring you 
. a happier but not an easier life. Without freedom, dictators could use engi- | 
a freedom the professional engineer is unable to meet his ethical 
Obligations in the practice of his technical skills, and without freedom, he is 
unable to serve his client’s and the public’s interest to best advantage. a 
noted has described the obligations of the professional engineer 
“Since” isa which affects t the material basis 
everyone’ s life, there is almost always an unconsulted third party _ 
q - volved in any contract between the engineer and those who employ him, — 
: and that is the country, the people as a whole. These, too, are the engi- 
- neer’s clients, albeit involuntarily. Engineering ethics ought, therefore, —_ 
to those interests most carefully. Knowing more than the pub- 


4 
ale which stands as the primary bulwark forthe protection of the public in the ap- 
» g himself an officer of the court and keep the general interest always in met a 
— FT eNaught But the Best,” by Thaddeus Merriman, Civil Engineering, December ae g 
. 
5 Inscription on Museum of Science and Industry, Chicago, Illinois. __ 


‘ieaiiiaielal ceases to be professional if it has in any way been dictated 
7 the client or employer. Professional independence is not a special ll h 
_ privilege but rather an inner necessity for the true professional man = 

-— safeguard for his employers and the general public. Without it he ne- 
gates everything that makes him a professional person and he becomes — 


at best a routine technician or a hired hand, at worst, a hack.” 6 “ip 


, Ih recent years decisions have been “made in areas of ‘science—areas in 


= 


= welfare of many people and of entire nations . However, if a free society — 
is to remain free, it must demand the application of scientific discoveries un- 
“ der the dedicated responsibility of professional engineers working in freedom. 

| Responsibilities and Limitations in Engineering Design 

> _ The predominant influences of science and of engineering have appeared on 
the world’s scene within the past century, which, in terms of history, is a rela- 
tively short time. The turn of the century | marks the beginning of the revo- 
 lutionary period of modern science, and it is still within the span of our a 


times that engineers have become a Vital factor in the American industrial 


 aotiediee which are more fundamental. Yet, such Athen do not ex- 


With the advent of a new science ‘the en engineer 7 cannot t minimize or ignore - _ 
- "potential hazard on the grounds that all of the scientific data necessary fora 
complete understanding of the hazard are not available. In fact, it is precisely — 
_in such areas where the professional skills and judgment of the engineer take © q 
4 on added importance as a moderating influence. = 


fessional engineer applies his technical knowledge and professional disciplines. 
_ preponderantly on the side of safety. One of his most important tools is the F 
“factor of safety. ” For example, the stability of a dam may have a factor of 
safety of 2; this means that before such a structure would fail, the rect 
- load would have to be twice the assumed or predictable load for which the struc- a 7 
ture was designed. Thus the factor of safety compensates for unexpected or oe 
unpredictable greater loads in the coming decades, as well as for possible de- ae 
‘The factor of safety has also been called the “factor of ignorance” —as an as 
acknowledgment of the inability to predict all of the events which a structure 
may experience in the future. Similar criteria apply in all engineering but, — 
: in spite of all the applied skill and precautions, failures continue to occur for 
many reasons which could not be anticipated in the original design. ‘Homestchaared 
_ There is no such thing as foolproof design or operation of a power - plant. 
- ‘The possibility of an accident or disaster is ever present and the biggest dis- 
< asters have beenthe most incredible. Generally, out of a painstaking investiga- _ 
of a disaster a complex chain of ‘incredible” circumstances has emerged 
= Modern history records numerous disasters in engineering and technology, = ; 
with tragic loss of ‘life, such as the sinking of the “unsinkable” Titanic, the 
conflagration in the “fireproof” Iroquois: Theater, the explosion of gas in the 
new of London, Texas, the collision of two air- 
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: 20 be cited. In every case there was a great loss of life and property. _ And in 
oa every case the odds against the occurrence were ‘undoubtedly considered to be 
fantastically large. Nonetheless, they did occur is no reason | to be- 
lieve that others will not occur in the future. 
The personal responsibilities of a professional are at so 
- great that it is in the best interest of all concerned to subdivide and isolate the 2 
~ main areas of engineering responsibility, and to. adopt | a system of checks and _ 
balances similar to the system of our republican form of government. ers 
example, a project may be undertaken by a corporation whose chief engi- 
- neer has the primary responsibility of interpreting the particular objectives 
as laid down by his directors. (This wouldcorrespond to the legislative branch — 
_A secondarea of responsibility is undertaken bya separate consulting engi- 
neer and his firm which create the designs within economic limits and under 
approved factors of safety; this firm would also supervise the interpretation 
a a its designs during the period of construction and during the manufacture of 
“4 the required machinery and materials. (This wouldcorrespond tothe adminis- 
: a A third area of engineering responsibility rests on the shoulders of the chief 
for the contractor who undertakes the construction of the project for 
7 specific price. His primary obligation is to devise the most efficient and 


fications. s. (This would correspond to a second area within the 
ae fourth area of engineering responsibility is assigned to an independent 
¥ consulting engineer | (or toan independent board of consulting engineers), with 
i _ the overriding duty of looking after the owner’sand the public’s best interests, 
by acting as an observer or technical auditor during the planning, design, fi 
_ nancing and ‘construction of the project, and in reviewing issues which may run | 
into conflict. (This would correspond to the judicial branch of the government. )- 
Ne _ Such a system of coordinated professional controls, , functioning freely, but, 
without compromise > on important professional responsibilities in each of the 
ie four areas has, in the past, produced notable engineering achievements; | more Pt) 
importantly, it has effectively minimized the occurrence of serious mistakes : 
he or failures in the : administration and execution of ee 
Unfortunately, in recent years this system of control of engineering re- 
ia. has been displaced all too often by political domination of such 
controls. In other cases the so-called “more efficient package deal” system 
of contracting has been ‘offered in which the constructor or even the manu- — 
etre of power plant equipment undertakes to provide all of the services, ; 
not only of construction and manufacture of the equipment, but also the engi- - 
S neering planning and ‘design, with the engineers appearing in direct partner-— AG 
ship or as sub-contractors. It is inevitable that in such cases the independent _ 
professional control of major engineering responsibilities (in the best interest 
i of | the client and the public ) 4 is obliterated and —"s by the the ‘motivations > 
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ENGINEERING RESPONSIBILITY 


~ scandalous performances in diverting and wasting public funds seared 
design and construction may have been of good quality. = 


appear to be largely the result of an historical coincidence. In 1939 experi- 

mn demonstration had been made of the phenomenon known as nuclear fis- _ 
sion. This same year also saw the outbreak of of World War Il. When it became 2 
evident that this newly discovered phenomenon might be applied to the fabrica- 4 
tion of a weapon with unprecedented destructive power, the subject of nuclear 
energy) became a “top: secret” high priority program under 

i strict military control. This program v was almost totally y concerned with the 

_ development of a new type of bomb. Destruction was the primary objective; _ 


bomb’s ‘power in 1945 removed all doubts regarding the outcome of this war- 
‘With the advent of the fearfully destructive power of the atom has come a 
universal hope that eventually this power would be harnessed for equally im- 
_ pressive purposes, in the service of mankind. _ Unfortunately, however, this 
 ~ has been permitted to grow, through excessive publicity and false propa- 
ganda, to a point where the practical realities have become obscured. Once a 
_ scientific concept with revolutionary potentialities has been demonstrated | at 
_ to have a certain “technical ee it is still far removed from — 
After the end of World War II the am priority program 1 of atomic energy 
i for military use was modified. This led to the passage of the Atomic Energy 
Act of 1946 (60 Stat. 755), which established atomic energy as a Government 
A basic factor in this decision (as acknowledged by the 
in the Act itself) was the inability to predict how, or when, atomic energy could 
be usedfor civilian purposes. Accordingly, researchand development of atomic 
_ power reactors for the production ¢ of electricity grew upas a monopoly venture 
the control of the Atomic Energy Commission. 
_ As in the case of the atomic bomb, the atomic power reactor also employs R 
the principle of nuclear fission but, instead of suddenly releasing an enormous 
_ body of heat by explosion, the power reactor? is designed to maintain a con- 
trolled release of a limited amount of heat over a long period of time. This — 
_ controlled heat is delivered to a heat exchanger where water is converted to . 


Steam; the steam, in turn, drives a conventional turbine generator for the pro- 


-'T The special type of reactor to be employed by PRDC is called a “breeder reactor.” a on 
r The energy source will be fuel rods of enriched uranium, As these are consumed by i _ 
a fission at high temperature for the production of steam and the generation of electricity, 7  &§ 
_ a transformation occurs within the fuel rods and surrounding “blanket”; this results in ) : 
a phenomenon called “breeding” in whichsome of the uranium (U-238) is converted into = &§ 
= plutonium (Pu-239). Since this plutonium is not expected to be used in this reactor, it _ | 
be sold back to the Atomic Energy Commission for other uses. __ 
‘The term “breeding” applies only to this transformation of materials. It does not — 
_ infer some kind of “reproductive process” of creating new energy for prolonging the % om 
- operation of this vanster. The total energy resource which entered the reactor at the | 
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for the atomic power Any question regarding soundness of the pro- 
», gram was swept aside by a variety of considerations, including: willingness to a ; 
pe psy unsupportable | claims” regarding the great potentialities in the new sci- | 

d desire for prestige by oe firstamong the scientists ofthe various _ 


_ Even then, however, such studies were essentially under the complete control 
“of the Commission, and were subject to all of the then prevailing regulations rea 
Interest continued to develop in the application of atomic energy for 
F 3 purposes, and this ledto the passage of the Atomic Energy Act of 1954 (68 Stat. _ 


catia in the application of atomic energy for the production of electricity. a q a 


919). The Act of 1954 was designed, as were subsequent amendments, to per- 
eae mit private industry to employ the new technology inthe construction of a lim- 
ited number of atomic power plants. Despite the relaxation in the govern- - 
mental monopoly of energy, however, the Government still retains the 


. (a) it is the sole producer of enriched material for fuels to be used in = 


 (b) It sets the price of nuclear fuel and is empoweredto guarantee prices 


if 


Limitations in Application of Engineering Responsibility — 
retrospect itis quite apparent that the origin and growth power 
_ has followed a reverse sequence to that which has taken place in the = he 
ment of the conventional sources of power— —coal, oil, gas and water. In these y 
compulsive circumstances, the engineering profession is confronted with the oi 
question of how to apply its traditional disciplines and responsibilities for pub- _ : 
safety to the of under the ome 


(1) ‘The scientific principles « of the atomic - power re reactor are are understood 
by relatively few scientists, and by veryfewengineers.§ : 
(2) Only limited knowledge is available regarding the reactor’s heat- _ 


"producing characteristics in large quantities and over prolonged periods of 
a. “@ An atomic power reactor is known to be a highly dangerous" device, and 
design and application must be developed with extreme care. 
a, No adequate record of operating experiences is available which might 
= as a significant guide for the design of large power reactors. ie? ae 

5) It is known thata of a power reactor could dotremendous 


> 


= 


= 


— 

7 

q owns and controls many Oi the basic researc 
— | r to pre-empt ownership of all patents which pertain _ 
— has the power to pr 
— e) It is aleading developer of various types of atomic powe 
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"ENGINEERING RESPONSIBILITY 
; ae. _ _ (6) The insurance companies are unwilling, in fact unable, to assume the 
: Bae - full liability for any major reactor failure, or to protect the owners and op- 
erators of the power reactor from damage and death claims following a reactor 
(7) The consequences of sabotage or deliberate inducement of a major fail- 
7 aes ure in a power reactor could lead to tremendous damage to life and property; uW 
there is no clear prospect of developing a simple design which would protect 
(8) The ultimate cost of a reactor power plant cannot be satisfactorily 
_ predicted and could, , conceivably, overrun an estimate two or three times. “ 
(9) _ It is known that the cost of producing electricity from anatomic power 
plant is several times greater than the cost of electricity from conve 
steam plants. Furthermore, the cost of various items, such as nuclear fuel 


and the disposal waste, contain. subsidies of unknown 


es, i, (11) At best, if investment cost and operating cost were to be disregarded, 7 
an atomic power plant may be considered an experimental facility. Bes Waar 4 | 
_ (12) The development and control of this new science is in the hands of = 
3 Federal Government, and anyone wishing to engage ” it may be obligedto work © 
under restrictive regulations and rules of secrecy. This is an unprecedented | 
situation. The conventional and traditional atmosphere of freedom of exchange 
(13) There is no indication that a system of checks and balances in engi- : 
“neering responsibilities prevails inthisnewfield. 
‘Avi (14) No legal structure within the accepted principles of the “rule of law” 


(10) From an engineering standpoint th there no economic justification for 


this new area of science. (See comments on Rule of Law, infra pp. 53-54.) _ 


energy is produced for the benefit of the consumer. It 
ique characteristic of portability by means of transmission lines, and where a 
_ originates is of no direct ‘concern tothe consumer. Hence, there is con- a. 
_ siderable freedom of choice in the location of generating (or power) plants. 
—, a first step, and for - comparative purposes, the criteria which generally — 
govern the location of the conventional types of power ‘Plants are presented. 


Choice of Location of a Thermal Power Plant 

A coal-burning steam power plant may be located either at the mouth of a 

’ coal mine or adjacent to an industrial load center, the choice depending on 
whether it is more economical to transmit | the electricity or t to transport the 
“coal between the mine and the load center. An oil- burning steam plant is usually 
ta located near the load center, because of the ease and economy of transporting 
> _ ‘The detailed choice of location of the | power i ad related fuel storage, 
and the detailed design of the high- -pressure steam boilers and all other com- 
% ponents, is dependent upon well established engineering criteria which, inturn, 
i based on long records of experience in the operation of similar power ~_ 
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ie features in | design and location of thermal power plants has evolved from the 
a free interplay of opportunity and responsibility brought about by private or ~ 


local initiative, tested by experience, generally governed by sound 
= in their application and, as the need arose, subject to regula- * i 


tory controls by public 
_ Another basic influence in this process of engineering development has been 


have been developedfrom the lessons learned through the occurrence of major 
failures or disasters. Such failures obviously were not expected to occur. How-— 
ever, whenever they have occurred, the resources ofthe engineering | profession : 
have been mobilized to identify their cause and to establish modifications yy 


history o of engineering that many /of the most important advancements in the art = 


_ economic development. Such a location may be hundreds of miles distant from 
the load centers, and the electric energy must be “conveyed over long trans- 
mission lines to the consuming areas. 
Choice of Location of an Atomic Power Plant 
; _ The possibility of a serious reactor failure introduces some overriding con- 
% siderations in any decision involving the location of anatomic power plant. The 
: failure of a reactor, which involves the release of radioactive material to the 


atmosphere, can inflict terrifying damage on the property and onthe population — 


power plant. It must be located where a river has a site which is favorable to ce 


_ which may be located in the vicinity. The magnitude andextent of such destruc- 
tion will be discussed later ingreater detail. 
the operation of an atomic power reactor introduces 


- sible places. These problems have been solved only to a limited degree. At : 
present at there are no economical solutions available, and, or course, no Sy 
; ence to guide the engineering profession in this new area of responsibility. 
Under these circumstances a professional engineer might undertake the 
sign of an experimental atomic power plant of limited size and cost and apply 
the highest degree of skill and judgment to the design of all its elements 3. How- 
ever, there wouldstill remainthe overriding problem of locating this new power 
, ~~ so it could not become an undue hazard to public life or property. 
; - The solution which could be regarded as most acceptable by responsible © 
7 engineers would be to construct such a power ‘plant ata remcte location and ~~ 


actually developed by some of the world’s most competent engineers: andhas — 
_been adopted as a requirement in some other parts of the world. It was as- er 

sumed that, in the event of any major failure of the nuclear reactor, the pas- 

sageway to the cavern would be permanently sealed off and the project could 


— 
step by step and with due regard for the public’s safety. 
— 
— 

q 
| 
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_ many hydroelectric developments, the electrical output would be delivered 
— 
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th the case before this Court, as will be indicated in greater detail, it isa 4 
regrettable fact that the conventional responsibilities of the professional engi- — 
- neer, and his overriding obligations to the public safety, have not been fully i 1 


rm respected. Furthermore, the essentials of professional freedom and moral 

duty to serve the best interests of the public and of the country did not prevail. 

_ If professional freedom had prevailed, it is most probable that the project now 
being contested before this Court would not have at the present 


Hence it must be said of this project that the | is the 
of a denial of professional freedom, and of a terrifying violation of engineering _ 
disciplines and ethics. To support such a broad declaration requires an 
ae of the circumstances which ledto the choice of the present location, va 
_ and of the evidence which was available at the time regarding the potential = 
_ Ifa remote location actually was recommended (asi representing the best 
judgment of an independent consulting engineer), there is no evidence that a 
an opinion was considered acceptable, or that such independent and responsible - on 
judgment was invited. Furthermore, there is no evidence that | the engineering 
= publicly protested this violation of its professional disciplines and _ 


construction of this project made the deliberate choice of a site in the vicinity ‘i 
of two large cities. The apparent reasons for this choice are without precedent 
_ and must be regarded as historically incredible. These are the basic issues’ e 
which have brought the present case tire 
V. CRITERIA FOR SAFETY | AND PUBLIC MEALS 


a, : stature before the public. The net result was that those responsible for 


is that in all engineering, the for the 
protection of health and safety, have of necessity been established in advance i. 


_ full understanding of the related scientific principles. Much remains to be 


earned in all areas of engineering; this applies particularly in the area of | 


public health. In this area the factor of safety has always been large and in 7 
a ” ye a cite a specific case, the supply of safe drinking water in every locality — 
is anexample, on a nationwide scale, of applied disciplines in engineering. The 77 
American system of water supply may truly be called a miracle. The continuity 
_ of such a standard of service demands constant vigilance andattention to ~<a 
feu on the part of thousands of engineers and employees in water works. 7 
‘Certainly, no one would advocate a lower standard of safety in water supply 
for the s sole purpose of saving some money. It would be considered preposter-— 
ous ifa public official were to ‘advocate a lower factor of safety 2 and cheaper, 
water supply on the premise that the community would be financially ahead, 


‘bres n if this were to result in an occasional contamination of the water— —or or out- 
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Jo tation Limits Jor Human Being 

is only with research for criteria for rad 
suggestions that it should be permissible to k 

lz 
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ait 


rarely has" it — the frank and stark pronouncements of re rec 
‘Thus: testified one of the most competent living au in | the field o: of 


‘sanitary engineering» before the Joint Committee on Atomic in 1960. 8 


“Fear has that the of too rigid criteria 
Dy: for the radiation activity may stifle progress because of excessive costs a 


of attainment. . One may view this fear with some cynicism in the light of 

the whole history of health and safety endeavor. This fear has always _ 
been expressed, but the historical realities consistently bely | it. eee . 


rest ‘upon h health protection and not cost. 


one, of course, should advocate and 
- straints. Those restraints most logically suggested, however, within the _ 
framework of current scientific understanding should not be resisted _ 
: = because resulting costs may threaten to throttle application. ‘This 
should be scrutinized with deal of care before: is asa 
5 radiation field is confronted with similar problems and 
‘decisions, greatly complicated by the very nature of the biological effects _ 
to be considered. The effects of radiation are unclear and not fully pre- 
- dictable with assurance, perhaps for some years. Yet one cannot bide 
a one’s time in placing restraints upon the public and private producer. — ; 
if = latter do not have an unblemished record of self-policing. Hence a 
a ‘society must look to scientific groups and public officials for providing = 
criteria and guides, at times admittedly uncertain, and others admittedly a 
: tentative. As knowledge increases, reappraisals ensue, either for relaxa- | J 
he thon or or for tightening of criteria. These supposedly fumbling steps have 


much historical validity and precedent in public health practice. . . . 


“The day of handbook rule for or measuring the hazards of radiation is 
~ % long way off. In the meantime one acts ' upon limited knowledge. In such — — 
a action the guiding principle must be the maximum protection of the people, oY 

_ hot because of sentiment but because society demands it. _ An agreed ac- 
- ceptance of a number of consequent disabilities is notan appealing basis oa 


* for the development, say, of nuclear power. Industry will do a! than a 


upon such an affront to man. I know w they w will, have.” 
VI. REPORT OF ADVISORY COMMITTEE ON REACTOR SAFEGUARDS i 
7" The problem m of appraising the safety aspects of the Lagoona Beach project 
under “the guiding principles of maximum protection of the people” was as- 
signed | to an independent committee of scientists and engineers known as the ; 
_ Advisory Committee on Reactor Safeguards (ACRS). On June 6, 1956, this — 


committee reported to the Atomic Commission that it had reviewed the 
ai 8 Hearings on Radiation Protection Criteria and Standards: ‘Their Bas 3 | and Use, 
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7 fn state of the art thanany other reactor of comparable ei 
which has been by an industrial ° 


a “From this x review the: following conclusions were sacs 
1. “Even though there are no facts or calculations 
‘emutliae that clearly indicate that the proposed reactor is not safe for 2 
_ this site, the committee believes there is insufficient information avail- 
able at this time to give assurance that the PRDC reactor can be oper- S a 
ated at this site without public hazard.” 
2. Sit appears doubtful that sufficient experimental : information will si ‘3 
be available in time to give assurance of safe operation of this reactor ; 
unless the present fast of the AEC isamplitied and and ac- 
$3. “It is impossible to say or not an accelerated program 
. * would give sufficient information topermit safe operation of this reactor 


at the Lagoona Beach site on schedule ‘presently ‘Proposed.’ 
ar. “The: Committee considers i it: important it that bold steps be taken to oad- 
"vance the development of the fast breeder reactor concept and commends “A 
the willingness of the Power Reactor Development Company to risk its * ms 
= and prestige inadvancing the development of this reactor concept. 


_ But the Committee does not feel that the steps to be taken should be so 


mation that the safety aspects of the PRDC reactor can be pitta ia i. 


praised in advance of “operation of the reactor itself. a 


"Unfortunately, this report was withheld from publication and 
construction permit was authorized by the Commission on August 4, 1956. The ro 
report finally was released on October 9, 1956. 
Questions Raised by Joint Committee on Atomic Energy 
A major difference of opinion regarding this report developed between the ’ 
Chairman of the Congressional . Joint Committee on Atomic Energy and the ~ 
Chairman of the Atomic Energy Commission. _ 
7 On August 4, 1956, = Chairman of the Joint Committee issued a statement _ 


“AEC nes Joint Committee on Atomic Energy that it has 
issued a construction permit to PRDC of Detroit to construct a nuclear te 
power near Monroe, This is as the 


’ 
oe 9“A "Study of AEC Procedures and Organization in the Licensing of Reactor Facili- 
ties,” Joint Committee on Energy, 85th ith Cong., 1st (Joint Committee Print 
Joint Committee on Energy, note 9, pp. 126, 


application of PRDC could not approve 
application.9 Quotingfrom the report: 4 
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Dold as LO Rune ned and Salety O DUDLIC. 
AEC to provide sufficient development facilities and experimental infor- 
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es: “The issuance of this construction permit, in my opinion, sets a eee x ; 
gerous pattern in the early magne of AEC regulative and quasi- 


activity for for the following reasons: 


“1. The AEC has issued this’ permit asa result of ‘star chamber’ 
ine in which the report of its Advisory Committee on Reactor 
Safeguards, which r raised grave doubts as to the safety of of the 
7 reactor, has never been made public by AEC. It is my understanding ‘ a 
7 that this important report, filed on June 6, 1956, which was prepared by | 
7 a ——* committee of experts, has not been retracted or modified 


a practical standpoint, AEC might obligated togoon 
with a bad deal with respect to public safety because they will 


pe 
_ mit. It is my belief that decisions on safety should be made without any 


examination of dollars: involved but t only from t the of human 
lives.” 


hold the individual power companies responsible f for any roms ‘which their = 
Mie activities might inflict on the public. This < concept of liability has proven to . 
a strong influence upon the industry in developing its high record of safety. ‘ 
_ As a result, new scientific and technological developments have been adopted | 
only a after undergoing severe tests, and after adequate proof that the adoption — 


. of any ‘new equipment would be consistent with the p prevailing standards of safety. be 


_ example, as boilers for steam power plants have increased in size and 1 output, — 
it has taken many decades to develop the responsible criteria of design under 
re the constantly increasing temperatures and steam pressures. In such details _ 


i Ss vital factor in this process has been the private insurance industry. For — 


as the metallurgy of the steel, welding andfabricating procedures, installation, 
‘ at operating controls, and safety | devices, the great traditions of responsibility in : a 
engineering and in manufacturing have served as a foundation for taking each f. 

- progressively higher step. In all of this development the insurance industry — ; 
a has participated with clear understanding of its responsibilities, and has in- ee) 
“ sisted on the application of sound engineering disciplines before it would as-— - 


sume the liability for public damage due to explosions or other accidents. _ 
In the atomic power field, on the other hand, the insurance companies vere 
aa confronted with a new peril in which experience is almost totally lacking. At 
ie" the same time they were confronted with demands for coverage of unprecedented © 
__- magnitude. After considerable study the private insurance industry was obliged — 
a to announce that it would be unable to ) offer satisfactory public liability insur- 
_ ance on atomic power installations. The position of the private insurance in- 
dustry summarized ina from which the 4 


before Committee on Atomic 


es 
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“The hazard is new. It differs fr any 


which is expanding from daytoday. | 


“Very few insurance companies have had any opportunity to develop 
first-hand knowledge of the because of of the > present 


writing personnel in is in insurance evaluation of of the hazards 


“The catastrophe hazard is apparently many times as great as is 
thing previously known in industry and therefore posesa major challenge ; 
to insurance companies. ... We have heard estimates of catastrophe 

__ potential under the worst possible circumstances running not merely into pel 
- millions or tens of millions but into hundreds of millions and billions of i) 
a a dollars. It is a reasonable question of public policy as to whether a haz- 
ard of this magnitude should be permitted, if itactually exists. Obviously 
there is no principle of insurance that can be applied toa single location 
where the potential loss approaches such astronomical proportions. Even 
if insurance could be found, there is aserious question whether the amount “ 
of damage to persons and property would be worth the possible benefits © 


accruing from atomic development. 


- in In addition to the damage to the power plant and operating personnel from a 
- conceivable accident in an atomic reactor, the far greater hazard lies in the _. 
_ radiation exposure andcontamination which could occur if the fission products 
should be released to the surrounding area. It is conceivable that accidental — ; 
atomic or chemical reactions within the reactor orauxiliary systems could de- 
stroy equipment, break the containment structures, and release the accumu- 
lated fission products to the atmosphere in a highly divided state. Once air- 
borne, these toxic products could be widely dispersed, threatening the health _ 
.g safety of people overv wide areas. The danger may be emphasized by noting — 


Vase 


that some radioactive materials are more than a million times as toxic as 
chlorine, the most potent common industrial poison 


Naturally, the Atomic Energy Commission, as well as the manufacturers _ of 
and public utilities engaged in atomic power development, have been — 
- concerned over the type and amount of damage to people and property which — 
could occur in the event of a major reeednane and and with the the pretieme of set- set- 
ting the claims. 


i sequences of Major Accidents in Large B Nuclear Power Plants. "12 This re- _ 

- - port contains the studies of an “assumed ‘condition of accidental failure” ’ of an 
atomic reactor with an electrical power capacity of 100,000 to 200,000 kw and» - 

located on a river about 30 miles from a major city. Various assumptions and 

conditions of the surrounding region ¥ were defined to provide s some basis for 

_ com computation. It must, of course, be kept in mind that some of the were 


a “Theoretical Possibilities and Consequences of Major Accidents in Large i 
Power Plants.” (“ Report”), R. 874-917. 
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to serve as an “order of “magnitude” indication of the e possible ete bel 
of a major reactor failure. Such a failure could result in contamination of large . 
- areas from deposited fission products. Inhabitants of portions of the areas af- 
ae fected would have to be evacuated to avoid serious exposure. Standing 
would be lost. _ Agricultural use would be curtailed. Access to various areas — 
would be restricted for considerable periods 
7 s The results of these studies indicated that, depending upon the weather co rcon- 
_ ditions and temperature of the released fission products for the assumed ac- 
cident, the property damage alone could range between $2,300 million and $4,000 
; a 2. _ million and possibly higher. Damage to health and life could be in the order of 
43,000 injuries and 3,400 fatalities, without taking into account the probability 
= of harmful long-term effects on several hundred-thousand people. The financial 
liability for human casualties wé was not and i obviously is beyond com- 
It might well be wondered, under these circumstances, how any agency en- 


gaged in the generation ofelectricity couldafford to undertake the —— 


‘ _ Eventually the private insurance industry, after pooling all its resources, 
- committed itself to underwriting liability coverage ona single atomic power 
installation in the amount of $60 million. However, this represents only a small 
fraction of the potential damage to life and property from a major failure of an 
resolve this i impasse, 2a proposal was advanced which must be regarded 
as a great historical tragedy in the affairs of our government. Atomic 


to the taxpayers of the nation. The 85th Congress adopted Public. Law 85-256, b 
mown as the “Price-Anderson Act,” which added Section 170 to the Atomic 
Energy Act of 1954. This Act was approved on 2, 1957. (42 U.S 
- te Under ‘this Act the United States Government has assumed a liability which 
|= is stated as amaximum of $500 million for each accident. However, in view of | 
a commitment in principle, it is difficult to visualize how the Government 
could escape a much greater liability | in the event of a larger disaster. The 
possibility of such a disaster occurring, obviously, has been acknowledged by 
the passage of this amendment. Representatives from the power and manufac- eo 
turing industries | had stated that ‘without such assumption of liability by the 
ag government they wouldnot be able to continue their participation in the atomic 
The enactment « of these indemnity provisions into law, however, has ‘not 
eX the hazard. It has served only to relieve the individual power com- 
| panies and the manufacturers of the traditional neg of financial liability by 


centers. Following enactment of the Anderson Act, a number of publicly 
and privately owned atomic power have ‘been undertaken 
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saw fit toenact—legislation by which the liability, except for the comparatively 
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ENGINEERING 


consent, to ‘unnecessary ons unprecedented hazards. The ultimate liability in 
the event of a disaster has been transferred, according to law, tot the nation’s _ 
ae The net result of this | action has been to circumvent and auc the tradi- 

- tional system of disciplines and responsibility of the engineering profession. As 
has been previously stated, the public has great confidence in the engineering 
profession to protect the public health and safety, and professional engineers a 
_are expected toassume their responsibilities and serve under the highest stand- B 

_ ards of ethics and intellectual honesty. However, these standards cannot pre- -. 

vail under a system of government indemnity which displaces such — ; 

‘It has been alleged that the location a an atomic power plant 1 near a = 
lated area is permissible on the grounds that the many safety precautions ta 

_ ken toavoid anaccident render the possibilities of an atomic disaster “exceed- _ 

a ingly improbable.” However, as noted previously, such assurances in no a i” 

alter the fact that virtually every major accident or disaster which has occurred 

in past history has been “exceedingly improbable.” 

_ History has clearly demonstrated that man, with his imperfections, has never a 


‘been able to foresee all future technical e events. Despite his best efforts, - fail- +f 


ures have occurred; at the same time, he has used these failures to increase — 
his knowledge and widen his range of confidence. In the face of this long- 
established historical fact, the atomic energy program is currently being a 
moted on the assumption that a major accident will not occur. However, de- y 
= the excellent technical efforts which have been applied to date, such an 
ssumption, particularly in view of the completely new technology | involved, a 


“kine in the Fieldof Atomic Energy = 
Although the atomic energy industry is very young and has ‘relatively 1 few 


In fact, it seems doubtful that any other industry can show greater concern for 


3 safety in terms oftime and effort, or money expenditures. However, reassur- “a 


_ ing as } this fact may be, it is also significant that despite this safety effort, fail- 7 
ures are still occurring. Such failures range from relatively minor ones to the — 
_ more serious. In most cases the reactors which have failed have been relatively — 
7 small. Some of the failures in the operation of atomic Teactors have resulted © 
in deaths, or have exposed ‘considerable numbers of persons to radiation. — 
7 _ A failure occurred in December 1950 at the National Research Experiment 
(NRX), Chalk River, Canada, which resulted in a nuclear runaway andexplosion. 
This accident is not widely known because the security regulations at the time 
u of the incident were very strict; but it resulted ~ death of one man and the at 
serious radioactive contamination of five 
; — Windscale, England, in 1957 a fire in an atomic reactor resulted in the 
Srey release of radioactive material over the surrounding comtrysiée. 
tt fell on the pasture lands of a mile area. The 


er resulted ina ban on the use of all milk produced in this area. It was con- | 


sg “AEC Experience in Radiation Accidents,” by D. F. Hayes. InA Compendium of 
Information for Use in Controllin Radiation Emergencies. ” U. 6. Atomic Energy Com-_ 
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its consumption by young children who 1 might | otherwise have accumulated sig- — 
nificant quantities of radioactive iodine in their thyroid glands. The report of 

the board of investigation stated that the cause of the accident was due partly | 

to inadequacies» in the instrumentation provided for the control of operations, 
a and partly to faulty judgment by the operating staff, these failures in judgment — 
being themselves attributable to weaknesses of organization. 14 
Although both of these failures, among a number of others, have occurred — 

= outside the United States, published accounts have recorded 39 failures in re- 

actors of various types inthis country, 
On January 3, 1961, about 9 p. m. a failure occurred near Arco, Idaho, . 
an AEC prototype power reactor rated at 200 kw. . This resulted in the death | 
of three persons who were working on the reactor at the time of the accident. _ — 

. Prior to this failure it was known that a variety of troubles had developed, — 
7 _ some having their origin in the design and others in the operation | of the re- 
actor. Because of the high radiation levels inside the building, it has not been 


possible to enter and determine the cause of the 


Because of the. radiation levels, it was not to remove 


a the second crewman until — 5, and the third crewman until Janu- | 


a wes “At this time it is not possible to identify completely or with certainty eS 
the causes of the incident. The most likely immediate cause of the ex- _ 
plosion appears to have been a nuclear excursion resulting from motion ee ' 
_ of the central control rod. As yet there is no evidence to support any of ae 
several oth ivable initiati chanisms.”15 
_ These and other failures provide | impressive evidence that no matter how 
‘great an effort may be made to prevent them, accidents will occur. This is 
particularly true in the technology as as atomic 
gy—much still remains tobe learned. — 


During the early 1950’s there was considerable discussion on how to design 
an unprecedented | type of power plant peensnsagsn ts an atomic reactor. As a basic 


nt contain = 


sidered advisable to dump all the milk fora peated of two months 


mosphere ‘couldhave a terrifying and disastrous result on life and 
erty in the vicinity. The possibility of such an occurrence, no matter how re-_ 
mote it might be, had to be admitted. These considerations eventually ledtoa 
| to construct a steel plate “containment shell” or dome completely 

_ surrounding the reactor unit. This dome presumably would confine whatever | q 
cloud of fissionable material might otherwise be released to the atmosphere. | 

The dome at the PRDC (Enrico Fermi) atomic power plant at Lagoona Beach 


y 14 “Accident at Windscale No. 1 Pile on 10th October, 1957.” Presented to Parlia- 
“ment by the Prime Minister by Command of Her Majesty, November 1957. Cmnd. 302. 
_ 15 “Interim Report on the SL-1 Incident.” ‘Report of the General Manager’s — 

Investigation. U. S. Atomic January 27, 1961. pp. 2, 11. 
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o——- ofa steel shell72 ft. in diameter, 120 t. a ,and with varying thick- 
nesses of steel plate from 0.52 to 1.25 inches. 
_ Such astructure has become a highly controversial design concept and there a 
‘ts a considerable body of professional engineering judgment that “ is RA 
It couldbe claimed that the design of this dome has hadthe benefit of a care- 
~ review by the United States Naval Ordnance Laboratory in White Oak, Mary- 


g ‘- land. _ However, an examination of this report indicates that it does not claim 

to be a comprehensive treatise on the containment problem for this reactor 
power plant, and that many of the containment problems that are peculiar to y 

: ie reactor have never been solved either experimentally or theoretically. 

’ The limitations and reservations noted in this report reveal that the authors 

and the officers of the U. S. Naval Laboratory > recognize the tremendous re- 

, sponsibilities involved in the over-all project. _ They have stressed the fact 

“= their participation in a limited study area may not be regarded inferen- 

tially as approval of many other important areas which have not been studied. 

foes ‘This sense of responsibility is in keeping with high professional engineering 

_ standards and is worthy of commendation. ( It is regrettable that this report | 

- not been given the degree of recognition commensurate with its importance.) 

bs ions from the Abstract of this report indicate the great | 
he following quotatio Pp th 


care with which the U. S. Naval Laboratory approached this problem: 


yl “A study has been made on the ability ity of the Enrico Fermi fast breeder 


reactor plant to. contain a nuclear excursion equivalent | to the violence — 
- aps: by 1,000 pounds of TNT. The results of the study indicate that a 


ous ‘hazardwhen projected by the gun action of the internal blast pressure 
in the reactor compartment. This problem isannlyszed and a recommen- 


dation has been made to lessen the danger. 
«This report is not claimed to be a a comprehensive treatise on the 
q containment problem for this reactor plant. To do so would go far be- 
_ yond the intended dscope of this study. Many of the containment problems 
2 that are peculiar ‘to this reactor have never been solved experimentally 
7 or theoretically. Conclusions that have been made are based on concepts 


talk 


‘site by the Atomic Energy Commission that the most probable upper ' 
a limit of energy release from ‘& power | excursion of this reactor is esti- — 


The limited value of the containment “shell or dome, from the 
- public safety, is particularly understood by those who have some appreciation = 
of the consequences of sabotage or other possibilities of planned di destruction. 


“Containment Study of the Enrico Fermi Fast Breeder Reactor Plant.” U.S. Naval 
Ordnance Laboratory, White Oak, Maryland. NAVORD Report 5747 7 October 1957. 
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(Some of value are reminiscent of the Middle le Ages 
and indicative of the controversial nature of this design concept. * ee 
"Compelling Reasons" Criterion is Sound and Desirable 
ail One of the questions before this Court is whether the Commission must es-_ 
tablish “compelling reasons ” before it can approve the location of a reactor _ 
‘near a heavily populated area. However, the petitioners claim that this 
“seriously impede and, in significant areas, might even block the programs 
7 and policies that the Atomic Energy Commission had carefully developed” with 
regard to atomic power development inthis country.17 


7 In view of the dangers in an atomic ‘power plant, as acknowledged by the 
a passage of the Indemnity Act, it is difficult to visualize any “compelling rea- : 7 
r sons” which could be cited in support of locating a reactor power plant near 

a ote a populated area. . It ma may be argued that to require the location of an atomic — 
: 4 plant ina remote area would result in greater cost of such power to the con- 7 


sumer, and thus postpone the day when atomic power would be economically x 
competitive with thermal or hydro power. However, such lacks 
- merit for three important reasons: (1) It tends to disregard the question of 
public health and safety; (2) references to atomic power becoming “ ‘econom- a 
a ‘ically competitive” with electricity produced by conventional means are mean- — 
- ingless because no acceptable basis for comparison of costs between the two 
methods is available; 18 and (3) | it ignores the fact that hydroelectric plants, — 
of necessity, frequently are located at great distances from the service areas. Es 
a While it may be argued that the possibilities of anatomic disaster are “be- 
lieved” to be extremely remote, any effort to claim this as sufficient justifica-_ 
tion for locating anatomic power plant in the vicinity ofa populated region must a 
be regarded as a gross violation of professional er engineering responsibilities. 2 
_ To ignore available alternative and knowingly to expose a large population toa 
4 hazard of unprecedented magnitude, however remoteits occurrence may seem, t 
_ must be regarded as a gross violation of moral andethical standards, not only ~ 
= in engineering but also in industry and in government. \ For a government or 
* its agency to violate such standards and, in addition, to offer incentives which — 
contribute to the violation of such standards, must be regarded as a il 
P< tionary departure from the fundamental principles established by the Constitu- om 


A SILENT EVOLUTION OUR FORM OF GOVERNMENT — 
is technological age the influence of the scientist and of the cittaies r -_ 
- (the experts) has assumed tremendous importance in governmental affair 
a It may not be remiss at this ‘point to callattention to the relatively simple de- 
vice by which the highly complex field of science and technology, when domi ry 
- nated by governmental authority, can be applied over a period of years to the | Eo 
_ introduction of revolutionary changes in our form of government. This is par- ae 
ticularly true where we find displacement of independent professional respon 


_ 17 Petition for ‘a Writ c of Certiorari filed by the Government and AEC, No. 454, This 
18 All of the cost components of conventional power plants : are dstenesinel through — 
the competitive operations of a free market. On the other hand, many of the compar- 
able costs of atomic tomic power plants ar are established administratively by governmental _ 
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"sibilities, or or where a commission is so constituted that it its own 
acts. It is out of such procedures that a new system of “administrative law” 
_ is born. Over the years this tends to grow up to form a new legal structure in — 
_ place of our conventional system of the “rule of law”—and generally beyond the 

_ reach of Constitutional controls and our judicial system. We have been warned 

that eventually s such a legal structure can dete deteriorate into “administrative law- 

ty 

The trend towards administrative and law was clearly outlined 
byt the late Lord Chief Justice of England in 1929: 19 


ENGINEERING RESPONSIBILITY 7 


_—. “Two main obstacles. | hamper the beneficent w work of the expert. One 

ay is the Sovereignty of Parliament, and the other is the Rule of Law. oF 
oy kind of fetish-worship, prevalent among an ignorant public, pre- 


"vents the destruction of these obstacles. The expert, therefore, must ca rs | 


make use of the first in order to frustrate the second. 
“To this end let him, under Parliamentary forms, clothe himself with | 


power, and then, because the forms are defy the 
: if “This course will prove tolerably simple i if he can: (a) get legislation i 
| passed in skeleton form; (b) fill up the gaps with his own rules, orders J 
4 and regulations; (c) make it difficult or impossible for Parliament to a 
check the said rules, orders and regulations; (d) secure for them the _ 
=” force of statute; (e) make his own decisions final; (f) arrange that the 
fact of his decision shall be conclusive proof of its legality: (g) take 
power to modify the provisions of statutes; and (h) and avoidany 


sort of appeal to a Court of Law. 


In the same essay the following warning has been sounded: 


r a our Constitution. So it has been ever since the eleventh century, and if << 
a this leading feature or essential characteristic is to be deminished or a 
destroyed, it seems at least desirable that the work of diminution or dem- 
_ olition should be openly and frankly performed, with the British public ; 
standing by, fully instructed and deliberately consenting. - Nothing could © a 
be more unfortunate than that a change of so fundamentala character 
7 should be brought about piecemeal, by subterranean methods, which one ~ q “ 


RELEVANT TO THE QUESTIONS BEFORE THE COURT 
. Technology clearly emerged as a ‘mighty shaper of human destiny. 
| With the development of science and engineering to this dominant role » acien- 
ys tists and engineers have the responsibility * wees the harmful exploita-— 


The New Despotism, by Hewart of Bury, Rt. “Lord ‘Chief Justice of 
‘England (dec). ‘(Ernest Benn, Ltd., ¢ pp. 20,23, 
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October, 1961 


The two areas of responsibility, between science and engineering 
must be clearly understood. Scientific truth is naked truth. A scientific prin- 
ciple is anaked principle. _ Engineering truth is fully clothed in ethics and mor- 
ality. It is founded on the proposition of individual responsibility. In the a ; 
_ Plication of scientific principles the engineer is expected to serve the public 
interest with due regard for the preservation of the Rule of Law and our Con- | 
stitutional system of government. In developing new plans for the future, the 
a engineer interprets the experiences of the past and adds the vital ingredie 
of imagination, sound judgment and integrity. 
. i 3. The atomic age has brought out a major ‘ biological factor in our world. . 
‘The development of atomic power installations has brought with it the prob- — 
lem of radioactive hazards which is becoming an ever increasing» danger to” 
human life. In the application of this: new science, safety of human beings is 
= most important consideration. Nuclear radiation not only endangers their 
immediate health, but also may harm or destroy their offspring. 
a * The | operation ofa large atomic power plant involves many people; a 
— taiure in its control can occur at human hands by careless handling, lack a 
experience, by accident, or by criminal action such as theft or sabotage. Fail- 
ure canalso occur througherrors in design of the complex andhighly et 
- apparatus. A general release of radioactive materials, as has already happened 


_allows them to be spread over the countryside and into the rivers, — . _ 


A a reaching man through water and food of all types. “With all the inherent safe 
guards that can be put into a reactor, there is still no foolproof system. Any 
_ system can be defeated by a great enough fool. The real danger occurs when 
a false sense of security causes a relaxation of caution. oe 
om _ The individual scientists and engineers, as well as the leaders in their 
professional societies have a traditional responsibility of presenting truthful _ 
information. on both successes and failures in their work and to protest against - 
efforts to misuse their services. Unfortunately the field of atomic p power is suf-— 
fering from lack of interest andconcern onthe part of most engineers, and from 
te of responsible leadership. Furthermore, it is clouded by a variety of pro- 
> fessional papers and publications, many of which are misleading or purely prop- 


aganda. The lessons of experience in this field are in their embryonic stage a 


g and, as the National Academy of Sciences has stated: “Present experiences give 


_ us only a shadow of a presentiment of what is yettocome.” 
_ 6. The atomic power plants which for the most part are being undertaken © 
by private industry at a loss are intended to develop technical knowledge and 
experience. “' There was always a sort of threat, however, that if private in- 
dustry: did not do sothe government would build the plants itself. What, if any, 

one this hadupon private industry’s decision it is not possible to say.”21 ; 
= 7. The threat of government competition to gain political objectives has 


the the ‘subject Of much discussion, : as for 


c can be little doubt, when government owns and a sig- 


a nificant proportion ¢ of the > capacity to produce electric power, that it gives 


20 “The Safety of Nuclear Reactors, ” by Rogers McCullough, ‘Chairman of Advi-— 
Committee on Reactor Safeguards, AEC. In 1955 Geneva Conference 
(New York, United Nations, 1956) Vol. 13, P. 79. 

21 “Atomic Energy in a Free Society.” Paper presented to Mont Pelerin 
September 7-12, 1959. In “i Politico, "University Pavia (Italy), 1 1960, Vel. 
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ENGIN ERING RESPONSIBILITY 
to the government a a greater er ability to ‘dominate and manage other 
nomic activities. Those whofavor centralizedeconomic planning (or so- 
_ Cialism in the sense of government ownership and operation of the basic 4 $ 
industries), are byes concerned about the role of government in the 


_ itself heard by means of the public power advocates i in our national —" 
ai lature, y , who desire to retain nuclear produced electric power as a nation- oa 
al monopoly. If this is possible, not only for electric power but for other 
_ aspects of atomic energy as well, the degree of central direction of all mn 


economic affairs would be increased and facilitated. . . . 


= 


The tendency of technicians to favor centralized lanning nibs 
a afew years ago, with great clarity and understanding .“: 


of scientific discovery, and undertaking public developments without the bene- 
fit: of an independent and responsible — engineering profession to provide the 
moderating controls of ethics, morality and justice. This could eventually lead | 
to the destruction of ourform of government. 
10. History has taught us that when political leaders and administrators in 

authoritative positions find themselves captivated by the premature application 

of scientific principles, and choose to take overriding control of them for the : 
a purpose of gaining high influence or domination over people and nations, with- | 


tem of usurpation and immorality in en ae are betraying a public 


? out regard to the hazards or harmful consequences, they are practicing a Sys- 


| 


ste 11. The fundamental issue before this Court is not the simple question — 


_whether a specific atomic power plant should or shouldnot have been constructed © 


> 


a particular site . The basic issues . 


(a) Shall the Government of the United States, by legislation and shia 


_ ples under policies which violate the elementary codes of ethics, morality — 
which have been by our founding fathers? 

iii ect 
its citizens ‘and under its own m special rules, place in 


_ defensive position those who are engaged in upholding our system of free : 


istrative dec ision, engage in and foster the application of scientific princi- 


private enterprise | under competent State regulatory controls? 
: “a (c) Shall the Government of the United States, without the full know- 
ledge and understanding of all its citizens, provide special inducements 
a and incentives for corporations and individuals to engage in the unsound ap- 
plication of scientific principles which contain the hazards of destruction 
greatnumbers ofhuman lives? = | 
car (d) What are the responsibilities of scientists and engineers who e en-— 
courage or r condone the enactment of laws for the building of atomic power 
_ plants where they willstand as constant threats of disaster to a large num- 
of people at some unexpected tim: time 


12. Whatever may be argued as having been the intent of Congress in the 


enactment of certain must assumed that Congress expected 
“Atomic Energy in a Free Society,” acto 
2 23 “The Counter-Revolution of Science,” by F. A. Hayek, Free Press, ay ‘Thi- 
_nois, 1952. See esp, Chapter 10, “Engineers and Planners.” = = 
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, > the highest standards of professional engineering to be sides on health 
9 ad and safety of the public. Furthermore, it is evident that any legislation which 
- ; creates a conflict with the essentials of professional freedom, or which invites eo 
a relaxation of professional standards, can be rectified. 4 
e 13. It is high time we face up to the hypocrisy of our assumptions, and that © 
we express an angry and solemn warning against varieties of intellectual cor-_ 
ruption. We must learn tosay “No” to bothclient andcash when the Proportion — 
ed turns out to be something less than the best. The abandonment of principle <a 
Be “ expediency isan advancedsymptom ofthe decay of popular institutions, and the 
— plain fact is that the sickness of an acquisitive society has become soacute so 


a must either redeem it or perish. . We must take a moral and principled stand 
against sacrificing the future of our children and of our children’s childrenand 
against depriving them of the freedom which is their birthright. he Se 

‘= 14. Science can provide the answer to many questions but beyond science — 
is is God who made both man and science. Man is only beginning to discover sci-_ 
_ ence but he is now learning that he can survive on this earth only if he applies © 

science a the benefit of mankind according to the Will of the Creator of all 


CONCLUSIONS 
(1) This” Court should find the Atomic Energy Act o 
Atomic Energy ‘Commission from approving a site for 
(2) The Commission, in grantinga permit forthe construction of an atomic 
reactor, should be required to make findings with 
q 3) The general problems of public dene in the field of atomic por power call 


Renewed ed emphasis is needed that our Constitutional form of Govern- 


ment must be respected and def and defended in the mek of modern science. 


In addition to the specific references which have been cited in support of 
_ this brief, a comprehensive search has been made in a wide > range of publica- - 
to ) gather | basic facts in 1 philosophy, engineering and human welfare. 
— of this heritage of the past with the issues of today has, in essence, _ 
been a process of engineering design, similar to that employed in designing a . 
Therefore, a general acknowledgment must be included to all 
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(WW), divisions. Papers sponsored by the Department of Conditions of Practice are identified by the sym- 
bols (PP). ‘For titles and order coupons, refer to the appropriate issue of “Civil Engineering.” Beginning 
with Volume 82 (January 1956) papers were published in Journals of the various Technical Divisions. To — 
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Discussion of several papers, grouped by divisions. 
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